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PREFACE 


♦ 

This  book  is  intended  to  serve  as  a Guide  to  Junior  Students 
attending  a Class  of  Practical  Physiological  Chemistry,  of 
approximately  three  months’  duration.  There  is  no  sub- 
division into  daily  exercises,  as  the  time  available  during  the 
day  and  week  varies  in  different  schools.  The  teacher  may 
therefore  omit  certain  parts  and  supplement  others,  as  he 
may  deem  advisable,  and,  to  facilitate  this,  the  book  has  been 
interleaved.  All  matter  which  does  not  bear  directly  upon 
the  practical  work  has  been  excluded,  only  that  amount  of 
theoretical  explanation  being  given  which  has  seemed  to  us 
essential  for  the  proper  understanding  of  test  or  process 
respectively.  A few  literature  references  are  given  in  the 
text,  but  these  refer  only  to  suitable  books  for  reference  in 
cases  where  a more  complete  description  might  be  desired. 

We  have  made  use  of  such  laboratory  handbooks  as  were 
at  our  disposal,  especially  those  of  Huppert,  Hoppe-Seyler — 
Thierfelder,  Salkowski,  and  also  of  the  various  physiological 
journals  and  systematic  text-books,  especially  the  chemical 
articles  in  the  Text-book  of  Physiology  edited  by  E.  A.  Schafer. 
Illustrations  are  given  of  some  forms  of  apparatus  mainly 
employed  in  physiological  chemical  work. 

We  have  to  thank  Mr.  Richard  Muir  for  the  sketches  of 
apparatus  and  urinary  crystals,  and  the  Lithographers  for  the 
care  taken  in  the  reproduction  of  the  spectra. 
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CHAPTER  I 

DETECTION  OF  THE  ELEMENTS  IN  AN 
ORGANIC  SUBSTANCE 

The  substance  must  be  freed  from  moisture,  either,  in  the 
first  place,  by  driving  off  the  larger  part  in  a drying  oven, 
and  then  removing  the  last  traces  in  a vacuum  exsiccator,  or, 
if  there  should  be  a tendency  to  decomposition,  by  drying  in 
the  exsiccator  alone. 

The  elements  of  importance  are  carbon,  hydrogen,  nitrogen, 
sulphur,  phosphorus,  and  iodine  ; and  their  detection  is  carried 
out  in  the  following  way  : — 

I.  CARBON  AND  HYDROGEN. 

Powder  a few  crystals  of  cane  sugar  in  a dry  mortar, 
add  about  ten  times  as  much  finely  powdered  water-free 
cupric  oxide  (previously  heated  and  preserved  in  exsiccator), 
and  mix  thoroughly.  Quickly  place  the  mixture  in  an 
absolutely  dry  test-tube  which  has  a rubber  stopper  with 
a glass  tube  passing  just  through  it,  and  on  the  other  side 
leading  into  a small  bottle  containing  clear  baryta  water. 
Now,  heat  tube  over  gas  flame,  and  as  the  substance  undergoes 
oxidation,  water  drops  are  seen  to  condense  in  the  colder  part 
of  the  tube,  and  barium  carbonate  begins  to  separate  out  in  the 
hydrate  solution. 
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II.  NITROGEN. 

(«)  The  best  test  to  employ  is  that  of  Lassaigne  : — 

Take  about  T grm.  of  dried  caseinogen  in  a dry  test-tube , 
and  add  about  1 grm.  of  metallic  sodium  ( freed  from 
petroleum  by  dipping  in  ether).  Heat  gradually  until  mass 
is  glowing  red.  Dip  the  tube,  while  still  gloioing,  into  a 
beaker  containing  a few  c.c.  of  distilled  water.  The  glass  will 
break  and  the  contents  can  then  be  mixed  with  the  water. 
Filter,  add  a small  quantity  KOH,  one  or  two  drops  of  a cold 
saturated  solution  of  ferrous  sulphate,  and  a drop  of  ferric 
chloride  solution.  Bring  solution  to  boiling  point,  then  cool 
and  acidify  with  HCl.  The  fluid  becomes  bluish-green  in 
colour,  and  gradually  a precipitate  of  Prussian  blue  will 
separate  out. 

The  nitrogen  of  the  caseinogen  is  fixed  in  part  as  sodium 
cyanide,  which  forms  a ferrocyanide  with  the  ferrous  salt. 

This  test  is  more  generally  applicable  than  the  soda  lime 
one,  which,  however,  can  be  more  rapidly  carried  out. 

(i b ) Soda  Lime  Test. 

Mix  up  a small  quantity  of  the  organic  substance 
thoroughly,  with  at  least  twenty  times  as  much  soda  lime, 
and  heat  strongly  over  flame.  Test  vapours  coming  off  for 
ammonia  by  holding  over  the  mouth  of  the  tube  a piece  of 
moistened  red  litmus  or  turmeric  paper,  or  a rod  dipped 
in  HCl.  The  strong  ammoniacal  odour  is  also  distinctly  felt. 

III.  SULPHUR. 

t 

Another  portion  of  the  caseinogen  ( larger  amount)  is 
incinerated  in  the  same  way  with  metallic  sodium,  and  the 
residue  dissolved  in  water.  The  solution  of  alkaline  sulphide 
gives,  on  the  addition  of  sodium  nitro-prusside  ( freshly  pre- 
pared), a reddish-violet  colour. 

The  alkaline  solution  obtained  in  the  previous  test  may,  of 
course,  be  subdivided,  one  being  used  for  sulphide  detection, 
the  other  for  cyanide. 

Loosely  combined  Sulphur  in  Proteids  (see  p.  32). 
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IV.  PHOSPHORUS. 

Take  about  '2  grm.  of  the  nucleo-proteid  of  the  thymus 
yland  ( free  from  inorganic  phosphates),  or  a larger  quantity 
of  dried,  caseinogen,  and  mix  up  thoroughly  in  a mortar  with 
about  twenty  times  its  quantity  of  a soda-saltpetre  mixture 
(1  Nct2COz  to  2 KNOfi.1 — Incinerate  this  in  a porcelain 
crucible  gradually,  until  the  mass  has  become  white.  Cool, 
dissolve  residue  in  as  small  a quantity  of  hot  water  as 
possible,  and  pour  solution  into  a porcelain  basin  ; add  pure 
HCl  to  drive  off  C02 ; filter.  Divide  filtrate  into  two 
portions.  Make  one  portion  alkaline  with  ammonia,  and 
precipitate  the  phosphate  with  magnesia  mixture  as  ammonio- 
magnesium  phosphate,  which  separates  out  in  a white,  more 
or  less  crystalline  form.  The  alkaline  phosphates  present  in 
the  hot  water  extract  may  be  detected  also  in  another  way. 
The  other  portion  of  the  filtrate,  on  being  made  acid  with 
HNOz  and  heated,  will  give  a yellow  precipitate  of  phosplio- 
molybdate  of  ammonium,  when  a fairly  large  quantity  of 
ammonium  molybdate  is  added  to  the  warm  solution.  It  is 
advisable  in  this  case  to  add  the  solution  suspected  of  contain- 
ing phosphate  to  the  ammonium  molybdate,  as  the  precipitate 
of  pliospho -molybdate  of  ammonium  is  soluble  in  excess  of 
dissolved  phosphate. 

V.  IODINE. 

Powder  two  or  three  thyroid,  tabloids  in  a mortar  and 
transfer  to  nickel  or  porcelain  crucible.  Moisten  with  a little 
distilled  water  and  adcl  about  twice  the  quantity  of  pure  NaOH 
( from  metallic  sodium).  Heat  gradually  until  the  mass  is 
completely  charred,  then  add  at  short  intervals  about  an  equal 
quantity  of  potassium  nitrate.  Continue  heating  until  mass 
just  becomes  white,  then  allow  to  cool,  dissolve  in  hot  water, 
filter  into  test-tube,  cool,  acidify  with  H2SO±,  and  pour  in  an 
equal  quantity  of  chloroform.  On  shaking  the  mixture,  the 
iodine  is  extracted  by  the  CHCl 3 and  quickly  settles  down  as  a 
rose-red  layer  at  the  bottom  of  the  test-tube. 

1 In  this,  as  in  all  cases,  the  reagents  employed  must  be  free  from  any  trace 
of  the  element  for  which  examination  is  being  made. 
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From  this  preliminary  series  of  tests  for  the  elements,  one 
is  in  a position  to  surmise  at  least  the  nature  of  the  substance 
being  examined.  Thus  a substance  found  to  be  free  from  N 
will  also  be  free  from  sulphur,  phosphorus,  and  iodine,  and  will 
probably  either  be  a carbohydrate  or  fat,  or  some  nitrogen-free 
derivative  of  proteid.  Methods  for  identifying  these  will  be 
described  in  subsequent  chapters.  If  the  body  contain  N,  and 
give  a very  distinct  phosphorus  reaction,  it  probably  will  be  of 
the  nature  of  a phospho-proteid  or  lecithin.  If  it  give  a 
distinct  iodine  reaction,  then  it  is  probably  a thyroid  prepara- 
tion of  some  kind.  The  detection  of  sulphur  simply  shows 
that  the  body  is  a proteid  or  a derivative.  If  it  be  large  in 
amount,  then  one  suspects  the  presence  of  a body  of  the 
keratin  group  (to  a lesser  degree,  also,  serum  albumin) ; if 
only  a mere  trace — peptone.  Of  course,  such  a preliminary 

investigation  can  never  be  decisive.  It  only  points  out  a 
possible  fruitful  line  of  examination. 


CHAPTER  II 


CARBOHYDRATES  AND  ALLIED 

SUBSTANCES 

These,  on  being  examined  in  the  way  described  in  the 
previous  chapter,  are  found  to  contain  carbon  and  hydro- 
gen ; but  are  free  from  nitrogen,  sulphur,  phosphorus,  and 
iodine. 

There  are  certain  tests  which  are  characteristic  of  par- 
ticular groups  in  the  carbohydrate  molecule,  and  a classifica- 
tion of  reactions  might  be  based  upon  these.  For  practical 
purposes,  however,  it  is  advisable  to  take  up  the  carbo- 
hydrates that  are  of  most  importance  in  human  physiology, 
and  give  their  most  distinctive  reactions. 


A.  MONOSACCHARIDES  (CnH2nOn). 

The  most  important  one  is  the  hexose,  glucose.  Most  of 
the  reactions  depend  upon  the  fact  that  it  possesses  an 
aldehyde  group.  Another  important  hexose  is  fructose  or 
levulose,  which  contains  a ketone  group. 


I.  HEXOSES  (C6H12Og). 

i.  Glucose  (grape  sugar  or  dextrose)  is  the  aldehyde 
of  the  hexatomic  alcohol,  sorbite. 

Many  of  the  most  commonly  employed  tests  depend  upon 
the  power  which  glucose  possesses  of  reducing  metallic  oxides 
in  hot  alkaline  solution. 
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Glucose  (2  per  cent,  solution). 

(a)  Trommer’s  Test. 

Fill  about  a quarter  of  the  test-tube  with  the  solution , 
make  distinctly  alkaline  with  potassium  hydrate , and  add , 
drop  by  drop , CuSO 4,  shaking,  after  addition  of  each  drop, 
until  the  solution,  which  is  now  of  a deep  blue  colour,  shows 
a very  feio  flakes  of  Cu(OH)2  undissolved  (by  adding  a few 
grains  of  sodium  potassium  tartrate,  these  flakes  can  be 
dissolved).  Now,  heat  solution,  gradually  yellow  CuOH  and 
red  C'U20  separate  out. 

Glucose  dissolves  cupric  hydrate  in  the  cold  and  reduces 
it  in  the  heat. 

It  is  of  great  importance  to  have  little  or  no  cupric 
hydrate  undissolved  (hence  the  addition  of  the  Kochelle  salt) ; 
otherwise,  on  heating,  the  colour  of  the  precipitated  cuprous 
salts  is  obscured  by  the  formation  of  black  cupric  oxide. 

(b)  Fehling’s  Test. 

In  order  to  overcome  the  disadvantage  of  excess  of  undis- 
solved cupric  hydrate,  just  referred  to,  an  alkaline  solution  of 
sodium  potassium  tartrate  is  added  to  the  cupric  sulphate 
solution,  and  this  constitutes  what  is  termed  Fehling’s  solution, 
which  is  free  from  precipitate  and  is  of  a deep  blue  colour. 

The  reagent  should  be  freshly  prepared,  and  should  show 
no  sign  of  reduction  on  heating. 

Dilute  the  reagent  with  about  three  times  its  volume  of 
water,  heat  almost  to  boiling  point , and  add  the  glucose  solution 
gradually,  until  maximal  reduction  is  produced.  The  solu- 
tion requires  to  be  kept  almost  at  boiling  point.  The  reduction 
is  similar  to  that  described  under  Trommer’s  test,  a propor- 
tionally larger  amount  of  the  cuprous  salt  being,  however,  in 
the  form  of  the  oxide  (red),  owing  to  the  greater  alkalinity. 

(c)  Barfoed’s  Test. 

Barfoed’s  reagent  is  an  acetic  acid  solution  of  cupric  acetate, 
which  is  reduced  by  glucose  to  a slight  extent,  but  not  by 
maltose  or  lactose. 

Add,  drop  by  drop,  glucose  solution  to  Barfoed’s  reagent, 
and  keep  boiling  until  an  opacity,  due  to  presence  of  red- 
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granules,  is  perceptible  in  the  fluid.  Examine  against  a black 
background  with  bright  light  passing  through  the  solution. 

This  test  is  rather  unsatisfactory.  It  is  usually  employed 
merely  to  distinguish  maltose  from  glucose. 

(d)  Boettger’s  Test. 

{a)  Add  a few  grains  of  subnitrate  of  bismuth  and  about 
double  the  quantity  of  sodium  carbonate  to  the  solution  of 
glucose  {about  a (quarter  of  a test-tube ).  After  boiling  for  a 
short  time,  the  bismuth  hydrate  becomes  reduced  to  metallic 
bismuth,  the  deposit  acquiring  a grey  or  black  colour. 

A modification  of  this  test,  analogous  to  the  Eehling 
modification  of  Trommer’s  test,  and  possessing  the  same 
advantages  as  the  former,  is  often  employed  (Ny  lander’s  test). 

(/3)  Add  about  one  part  of  the  reagent 1 to  five  or  more 
parts  of  the  glucose  solution,  and  boil  for  two  to  five  minutes. 
A black  precipitate  gradually  separates  out  on  cooling. 

{e)  Silver  Test. 

Take  some  ammoniacal  silver  nitrate  solution  in  a test- 
tube,  add  ju  few  drops  of  glucose  solution,  and  ivarm  in  water 
bath  or  over  small  flame.  A mirror  of  metallic  silver 
gradually  forms. 

In  addition  to  reactions  depending  upon  the  reduction  of 
metallic  oxides,  there  are  others  which  are  often  employed 
for  the  detection  of  glucose.  Among  these  the  following 
should  be  carried  out : — 

(/)  Glucose  reduces  indigo  blue  to  indigo  white,  and  the 
latter  can  be  re-oxidised  by  shaking  up  with  air.  Reduction 
can  again  be  brought  about  by  heating. 

To  a small  quantity  of  the  glucose  solution,  dilidcd  with 
about  ten  times  its  volume  of  water,  add  a drop  or  two  of 
freshly  prepared  sulphindigotate  of  soda  solution  {just  sufii- 
cient  to  colour  the  solution),  make  alkaline  with  J\Ta2C03 
solution,  and  heat.  The  indigo  blue  is  gradually  reduced  to 
a colourless  solution , passing  through  intermediate  coloured 
stages.  Cool  in  water  and  shake  up.  The  solution  again 
becomes  blue,  and  on  heating  is  reduced. 

1 See  Appendix. 
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(y)  The  same  test  can  be  carried  out  with  a freshly 
prepared  solution  of  potassium  ferricyanide  taking  the  place 
of  the  indigo  blue.  On  heating  with  Na2COz  solution  of 
glucose , the  salt  is  reduced  to  ferrocyanide , the  solution  becom- 
ing almost  colourless. 


(h)  Moore’s  Test. 

Add  to  the  glucose  solution  about  hedf  its  volume  of 
KOH , and  heat.  The  solution  gradually  acquires  a yellowish- 
brown  colour.  Add  some  dilute  sulphuric  acid,  and  the 
odour  of  caramel  becomes  more  distinct. 


(i)  Phenylhydrazine  Test. 


In  carrying  out  this  reaction,  it  is  advisable  to  keep  to 
definite  proportions  of  the  salts  employed,  and  also  to  the 
temperature ; because,  if  this  be  done,  one  can,  from  the  time 
of  the  appearance  of  the  osazone  crystals  and  their  amount, 
be  almost  certain  of  the  sugar  present,  before  the  melting 
point  is  taken. 

The  stages  in  the  osazone  formation  are  shown  in  the 
following  two  equations  : — 


1 . CH2OH[CHOH]3.CH.OH.COH  + H2N.NH(C6H5) 

(Glucose)  (Phenylhydrazine) 


= CH2OH[CHOH]3.C 

(Hyd  razone) 


H 


OH 


CH 


N- 


+ H20 
-NH(C6H5) 


2.  When  a second  molecule  of  phenylhydrazine  enters, 
the  H.OH  is  replaced  by  = N.NH.C6H5  to  form  an  osazone, 
the  hydrogen  which  is  separated  breaking  up  at  once  another 
molecule  of  phenylhydrazine  to  aniline  and  ammonia.  Thus — 

Hydrazone  + phenylhydrazine 
- CH2OH[CH.OH]3C— CH 


C6H5.NH — N N — NH.CcH5  + H2+H2G 

(Osazone) 

and  C0H5.NH.NH2  + H2  = C6H5.NH2  + NH3 

(Aniline) 

Take  100  c.c.  of  a 1 per  cent,  solution  of  water-free 
glucose,  add  5 c.c.  of  a solution  of  phenylhydrazine  in  acetic 
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acid  1 (40  grms.  phenylhydrazine , 40  f/rms.  glacial  acetic  acid 
in  100  c.c.  water),  and  keep  at  a temperature  as  nearly  as 
possible  100° 2 for  one  hour;  then  cool.  Note  the  time  of 
appearance  of  a precipitate,  and  compare  with  lactose  and 
maltose  treated  in  same  way.  The  yellow  crystalline  mass, 
which  begins  to  form  eight  to  ten  minutes  after  the  maximal 
temperature  has  been  reached,  and  completely  separates  only 
after  cooling,  can  be  dried,  and  the  melting  point  taken.  The 
crystals  should  also  be  examined  microscopically  and  drawn 
( see  Plate). 

(/)  Fermentation. 

Add  a few  particles  of  washed  yeast  to  the  glucose 
solution  in  an  Tinhorns  fermentation  tube  or  in  a test-tube, 
dipping  into  a mercury  bath.  Place  in  the  incubator  at  body 
temperature. 

Fermentation  goes  on  best  at  a temperature  of  about  34°. 
The  C02  which  collects  in  the  tube  may  be  absorbed  by 
passing  in  a small  quantity  of  concentrated  KOH. 

It  is  advisable,  when  one  is  dealing  with  an  unknown 
reducing  body,  to  test  in  same  way  a control  tube  of  yeast  and 
water,  and  also  one  of  yeast  and  a solution  of  glucose. 

(Jc)  Molisch’s  or  the  Furfurol  Test. 

Take  about  J c.c.  of  glucose  solution,  add  a drop  of  a 
cold  saturated  solution  of  a-naphthol  in  methyl  alcohol  ( must 
be  free  from  acetone),  then  carefully  pour  into  inclined  test 
tube  about  1 c.c.  of  pure  concentrated  H2SO±,  so  that  it  forms 
a well-defined  lower  layer.  Where  this  comes  into  contact 
with  the  upper  layer,  a violet  ring  appears  either  immediately 
or  after  a very  short  interval  ( varying  with  different  carbo- 
hydrates). Now,  mix  the  fluids  while  the  tube  is  kept  cool  in 
a stream  of  water,  the  colour  becomes  reddish-violet,  and  if  it  be 
examined  quickly  with  the  spectroscope,  a small  band  will  be  seen 
between  D and  E,  while  the  violet  end  will  shore  total  absorption. 

This  test  is  given  by  all  carbohydrates,  glucosides,  and 
proteids  which  contain  a carbohydrate  radicle. 

1 Or,  2^  grms.  phenylhydrazine  hydrochloride  and  5 grms.  sodium  acetate 
may  be  dissolved  in  the  same  volume  of  glucose  solution. 

2 The  temperatures  throughout  the  book  are  Centigrade. 
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( l ) POLARIMETRIC. 

The  solution  to  be  examined  must  be  free  from  other 
optically  active  substances  ie.g.,  proteid),  and  sufficiently 
translucent  for  observation.  In  order  that  the  test  may 
be  of  value  in  recognising  a particular  sugar,  it  is  neces- 
sary, not  only  that  the  above  conditions  should  be  fulfilled, 
but  also  that  the  strength  of  the  solution  be  known,  so 
that  the  specific  rotatory  power  may  be  calculated,  when 
the  rotation  that  the  solution  of  known  strength  examined  in 
a layer  of  definite  length  has  been  determined.  The  solution, 
also,  should  not  be  examined  when  freshly  prepared,  but  after 
twenty-four  hours  have  elapsed. 

It  is  also  advisable  to  note  the  effect  of  previous  sub- 
jection to  the  fermentation  process,  and  also  the  effect  of 
boiling  with  dilute  acid  upon  the  rotatory  power  of  the  solution. 

The  method  of  carrying  out  an  estimation  of  specific 
rotatory  power  with  the  Laurent  polarimeter  will  be  shown. 

Make  1 0 per  cent,  ancl  2 0 per  cent,  solutions  of  glucose. 
Fix  the  zero  point  with  the  light  from  the  Na  flame,  passing 
through  a 2 -dm.  tube  filled  with  distilled  water. 

Now  fill  the  2 -dm.  tube  with  the  10  per  cent,  solution, 
and  note  the  degree  of  rotation  of  the  analyser  reguired  to 
again  obtain  the  point  of  uniform  dimness  on  the  two  sides. 
Repeat  with  the  20  per  cent,  solution. 

The  specific  rotatory  power  represents  the  rotation  of  the 
plane  of  polarisation  produced  by  a substance  when  1 grm. 
is  dissolved  in  1 c.c.  of  water  and  the  solution  is  examined 
in  a layer  1 dm.  long. 

If  one  then  determines  what  rotation  a solution  of  known 
strength  produces,  when  examined  in  a layer  2 dm.  long, 
the  specific  rotatory  power  is  easily  calculated. 

The  specific  rotatory  power,  as  determined  with  the  Na 
flame  (the  D line  in  the  solar  spectrum),  is  written  [a]D  ; the 
observed  rotation  with  any  strength  and  any  length  of  layer  (/) 
is  written  a.  If  the  substance  rotates  to  the  right  the  + 
sign  is  inserted,  if  to  the  left  the  — . 


c = grins,  in  100  grins,  water. 
I = length  of  tube. 
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When  the  specific  rotatory  power  of  water-free  glucose  is 
calculated  from  a 10  per  cent,  solution,  it  is  found  to  be  5 2 ’7  4° 
to  the  right,  gradually,  although  only  slightly,  rising  as  the 
strength  increases,  and  diminishing  as  the  concentration  falls. 

2.  Levulose  (2  per  cent,  solution). 

This  keto-hexose  is  not  so  commonly  met  with  as  the 
aldose,  grape  sugar.  It  gives  the  same  reduction  tests,  under- 
goes fermentation,  and  furnishes  the  same  osazone  as  glucose. 
It  may  be  distinguished  by  the  two  following  tests : — 

(a)  P OLARIMETRIC. 

Eotates  plane  of  polarised  light  more  to  the  left  than 
glucose  does  to  the  right. 

Fill  2-dm.  tube  and  examine. 

(b)  Seliwanoff’s  Test. 

Take  a small  quantity  of  the  solution  in  a test-tube , add 
a few  grains  of  resorcin , then  about  an  equal  quantity  of 
concentrated  HCl  and  water.  On  heating , the  solution 
acquires  a deep  red  tint,  then  a brownish-red  precipitate 
forms  which  can  be  dissolved  in  alcohol,  the  fluid  then  being 
of  a deep  red  colour. 

This  test  is  given  by  all  keto-hexoses  and  by  carbohydrates 
which  furnish  these,  e.g.,  cane  sugar. 

(c)  This  sugar  may  be  obtained  by  hydrolysis  of  such  a 
polysaccharide  as  inulin. 

II.  PENTOSES. 

Although  the  hexoses  are  the  most  important  sugars 
among  the  monosaccharides,  there  is  another  group  which  has 
recently  attracted  the  attention  of  physiologists,  namely,  the 
pentoses,  which  have  been  discovered  in  the  urine  in  different 
conditions. 

They  give  the  ordinary  reduction  tests,  form  osazones,  but 
do  not  ferment.  There  are  two  reactions  which  they,  and  the 
carbohydrates  which  furnish  them,  give,  and  other  carbo- 
hydrates do  not.  The  only  substance  that  does  give  these 
reactions,  and  may  be  confused  with  pentoses,  is  glycuronic 
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acid.  The  method  of  recognising  this  acid  will  be  given 
subsequently. 

Gum  arabic,  which  yields  arabinose  on  hydrolysis,  may  be 
employed  for  the  reactions,  if  xylose  cannot  be  obtained. 

Pine  wood  shavings  also  give  the  pentose  reactions,  owing 
to  the  presence  of  xylose. 

The  following  are  the  two  tests  referred  to : — 

(a)  Phloroglucin  Reaction. 

Take  a small  quantity  of  distilled  water  in  a test-tube , 
add  an  equal  quantity  of  pure  concentrated  HCl,  and  then , 
into  the  acid  fluid , which  is  kept  warm  over  the  flame , sprinkle 
phloroglucin  until  a little  remains  undissolved.  Acid  a very 
small  quantity  of  gum  arabic , and  warm  test-tube  in  water 
bath  or  well  above  the  flame.  Solution  becomes  cherry-red  in 
colour , and  graducdly  a precipitate  settles  out  which  may  be 
dissolved  out  in  amyl  alcohol  and  examined  spectroscopiccdly 
{a  band  between  D and  E). 

(b)  Orcin  Reaction. 

Carry  out  test  exactly  in  same  way  as  above , only  substi- 
tute orcin  for  phloroglucin.  The  solution  acquires  a reddish- 
blue  colour  on  ivarming,  with  an  absorption  band  between  C 
and  D,  near  D.  The  colour  rapidly  changes  from  violet  to 
blue,  red,  then  green,  and  gradually  a bluish-green  precipitate 
separates  oid  which  dissolves  in  amyl  alcohol,  the  alcoholic 
solution  showing  the  above  spectrum. 

(c)  No  fermentation  occurs  with  pentoses. 

Test  some  xylose  solution  with  yeast. 

B.  DISACCHARIDES  (C12H22On). 

These  are  condensation  products  of  the  hexoses,  two 
molecules  of  the  latter  losing  one  of  water. 

i.  Maltose  (2  per  cent,  solution). 

(a)  Carry  out  some  of  the  reduction  tests  {a),  (b),  (c), 
(d),  (e),  described  on  pp.  6 and  7. 

All  give  positive  results  except  (c). 
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Note  the  delay  in  the  reduction  in  the  other  tests  com- 
pared with  glucose. 

(b)  Do  Moore’s  Test.  Positive. 

(c)  Form  the  phenylmaltosazone,  in  the  way  described 
on  20.  9,  heating , however,  for  one  and  a.  half  hours. 

It  is  much  more  soluble  than  the  corresponding  glucosa- 
zone,  and  only  separates  out  from  the  fluid  on  cooling.  Exa- 
mine crystals  microscopically  and  sketch  them  ( see  Plate). 

Note  the  difference  from  the  glucosazone  ones  in  size  and 
arrangement. 

(cl)  Put  some  of  the  solution,  with  yeast,  in  an  Emhorns 
tube,  kept  at  34°. 

It  ferments. 

(e)  Examine  in  polarimeter. 

Rotates  to  right,  and  specific  rotatory  power  much  greater 
than  glucose. 

Note  the  effect  of  boiling  with  dilute  acid  upon  the  rota- 
tory power  (same  volume  before  and  after  boiling). 

The  fall  in  rotatory  power  is  due  to  the  hydrolysis  of 
maltose  to  glucose. 

The  tests  which  distinguish  it  from  glucose  are  the 
absence  of  reduction  of  cupric  acetate  (Barfoed’s  test),  the 
solubility  and  crystalline  form  of  the  osazone,  and  the  specific 
rotatory  power. 

2.  Lactose  (2  per  cent,  solution). 

(a)  Carry  out  the  reduction  tests  (pp.  6 amd  7). 

All  give  positive  results,  except  (c). 

(b)  Do  Moore’s  Test.  Positive. 

(c)  Form  the  phenyllactosazone  crystals,  as  described 
on  p.  9. 

Like  the  maltosazone,  those  only  separate  out  after 
cooling. 

Examine  them  microscopically,  sketch  and  compare  their 
size  and  arrangement  with  those  of  maltose  and  glucose  (sec 
Plate). 
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(' d ) Put  some,  of  the  solution  with  yeast  in  an  Einhorn’s 
tube,  kept  at  34°. 

Does  not  ferment. 

(e)  Examine  in  polarimeter  before  ancl  after  boiling 
with  dilute  HCl  for  about  half  an  hour,  the  volume  being 
made  up  to  the  original. 

The  rotation  to  the  right  is  greater  after  the  hydrolysis, 
owing  to  the  formation  of  galactose  HD  = + 8 3 '8  8°  along 
with  glucose,  while  the  [<x]D  of  lactose  is  only  5 2 ’5  3°. 
(Boiling  with  dilute  acid  produces  practically  no  effect  on  the 
rotatory  power  of  glucose,  and  diminishes  that  of  maltose  to 
glucose.) 

(/)  Formation  of  Mucic  Acid. 

Take  12  c.c.  of  HNO%(sp.  gr.  IT 5)  in  a porcelain  basin, 
add  1 grm.  of  lactose,  and  evaporate  down  on  water  bath,  stirring 
continuously,  until  about  one-third  of  the  fluid  remains.  A 
gritty  deposit  (Just  like  sand ) separates  out,  and  if  2 c.c.  of 
water  be  added  to  the  acid  fluid,  the  mucic  acid  can  be  filtered 
after  twenty-four  hours’  standing,  and  the  amount  weighed. 

Lactose  and  galactose  both  furnish  mucic  acid,  the  former 
also  saccharic  acid,  while  from  cane  sugar,  maltose,  glucose, 
starch,  and  dextrin,  treated  in  the  same  way,  no  such  gritty 
deposit  separates  out,  as  saccharic  acid  alone  is  formed. 

This  is  a good  test  for  lactose,  and  can  be  quickly 
carried  out. 

As  distinctive  tests  for  lactose,  the  most  important  are — 
(a)  The  non  - fermentability  with  ordinary  yeast ; (/3)  the 
formation  of  mucic  acid ; (7)  the  marked  increase  in  dextro- 
rotation on  hydrolysis  with  acids ; (3)  the  time  of  formation 
and  form  of  the  osazone  crystals. 

3.  Cane  Sugar  (1  per  cent,  solution). 

(a)  Make  the  solution  alkaline  with  KOH,  and  add  drop 
by  drop  CuS04,  shaking  after  the  addition  of  each  drop.  The 
solution  gradually  becomes  deeper  blue  in  colour,  and  finally 
will  dissolve  no  more  of  the  hydrate.  No  reduction,  however, 
occurs  on  heating,  if  the  sugar  be  pure. 

It  dissolves  Cu(OH)2,  giving  a deep  blue-coloured  solution. 
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(b)  When  pure,  this  sugar  gives  none  of  the  reduction  tests. 

Do  Trommer  and  Fehling. 

(c)  Add  a few  drops  of  HCl  to  some  of  the  solution  in  a 
porcelain  basin,  and  boil  for  a few  minutes.  Pour  a little 
into  a test-tube,  make  alkaline,  add  Fehling,  and  boil.  Distinct 
reduction  to  cuprous  hydrate  and  oxide  is  now  apparent,  due 
to  the  formation  of  so-called  invert  sugar,  a mixture  of  glucose 
and  levulose. 

Take  a sufficient  quantity  of  the  sugar  solution  at  the 
outset  to  allow  of  subsequent  polarimetric  examination  (see 
Test  (/)). 

(cl)  Run  carefully  down  the  side  of  the  test-tube,  containing 
cane-sugar  solution,  cone.  H^SO^.  Charring  occurs,  first  at  the 
line  of  contact  and  then,  on  shaking,  throughout  the  fluid. 

(Negative  with  glucose,  lactose,  and  maltose.) 

(e)  Does  not  give  Moore’s  Test  (see  p.  8). 

(/)  Examine  the  solution  in  polarimeter  before  and 
after  hydrolysis  with  acid  (see  Test  (c)). 

Cane  sugar  rotates  the  plane  of  polarised  light  to  the 
right,  while  invert  sugar  (a  mixture  of  equal  quantities  of 
glucose  and  levulose)  is  lsevo-rotatory,  in  virtue  of  the  fact  that 
levulose  rotates  more  to  the  left  than  glucose  to  the  right. 

Before  examining  in  the  polarimeter  any  of  the  acid 
hydrolysed  solutions,  neutralise  the  acid  almost  completely 
(not  completely,  in  order  to  avoid  increased  depth  of  tint  of 
the  fluid). 

(g)  When  treated  with  phenylhydrazine,  as  previously 
described,  no  osazone  is  formed. 

(h)  Fill  an  Finhorn’s  tube  with  the  solution,  add  yeast, 
and  keep  at  34°. 

Fermentation  occurs,  due  to  the  fermentation  of  invert 
sugar,  produced  by  means  of  the  inverting  enzyme  in  the  yeast. 

(i)  This  sugar  also  gives  Seliwanoffs  test  [test  ( b ) for 
levulose],  as  it  furnishes  levulose  on  hydration. 

The  characteristic  tests  for  cane  sugar  are  the  charring 
with  H2S04,  the  true  rotatory  inversion  on  hydrolysis,  the 
absence  of  the  reduction  and  osazone  tests. 
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C.  POLY S ACCH AEI DES  (C6H10O5)n. 

This  class  contains  bodies  of  higher  molecular  weight  than 
the  other  two.  They  are  polymers  of  C6H1206  which  has  lost 
one  molecule  of  water. 

1.  Starch  (1  per  cent,  solution). 

(a)  The  Iodine  Test. 

Add  a few  drops  of  dilute  iodine  solution,  blue  iodide  of 
starch  is  formed.  Pour  a small  quantity  into  another  test- 
tube,  add  a drop  or  two  of  KOH ; the  blue  iodide  is  de- 
composed and  the  colour  disappears,  reappearing  when  the 
solution  is  made  slightly  acid  with  IICl.  Heat  the  iodide  of 
starch  solution  in  the  other  tube ; colour  disappears,  reappear- 
ing on  cooling. 

(b)  Does  not  reduce  metallic  oxides  in  alkaline  solution. 

Do  Trommer’s  or  Fehling’s  Test. 

(f)  Take  some  starch  solution  in  a porcelain  basin,  make 
distinctly  acid  with  HCl,  and  boil.  The  opacity  due  to  the 
starch  cellulose  capsides  gradually  disappears,  and  hydration 
goes  on  gradually  to  glucose.  If  the  solution  be  tested  with 
iodine,  as  the  hydrolysis  is  proceeding,  the  blue  compound  soon 
fails  to  make  an  appearance,  due  to  the  transformation  of 
starch  to  dextrin  and  dextrose.  Pour  some  of  the  fluid  into 
a test  tube  after  about  fifteen  minutes  boiling,  make  alkaline, 
add  Feliling,  and  boil ; reduction  now  occurs . Some  of  this 
glucose  solution  may  be  kept  for  polarimetric  examination. 

(ft)  Test  in  Einhorn’s  tube  with  yeast.  No  fermentation. 

The  same  holds  for  all  the  polysaccharides. 

Starch  solution  can  be  easily  recognised  by  its  blue  iodide 
compound,  the  hydration  of  a non-reducing  carbohydrate  to 
glucose,  and  also  the  physical  characters  of  the  solution — a 
thin,  opalescent  mucilage. 

2.  Dextrin  (1  per  cent,  solution). 

(a)  Add  a drop  or  two  of  dilute  iodine  solution  to  some 
of  the  dextrin.  A reddish- violet  to  reddish-brown  colour 
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appears,  due  to  formation  of  iodide  of  dextrin.  This  colour 
is  discharged  by  heating  (* reappearing  on  cooling ) and  by 
alkalies  {reappearing  on  addition  of  acid). 

The  difference  in  colour  of  the  iodide  compounds  of 
erythro-dextrins  depends  probably  either  upon  admixture  with 
soluble  starch  or  upon  the  type  of  erythro-dextrin  present. 

(b)  Do  Trommer’s  Test. 

The  cupric  hydrate  is  dissolved,  giving  a deep  blue- 
coloured  solution ; and,  on  heating,  usually  reduction  occurs, 
probably  due  mainly  to  admixture  with  maltose  or  glucose. 
Possibly  even  pure  dextrin  reduces  CuO,  as  it  is  said  to  form 
an  osazone,  and  therefore  must  contain  the  group  upon  which 
reduction  depends. 

(c)  Boil  solution  with  dilute  acid ; glucose  is  formed , and 
thereby  the  amount  of  reduction  is  greatly  increased.  Make 
alkaline , and  boil  with  Fchling’s  solution. 

{d)  Add  some  basic  lead  acetate  to  the  solution.  No 
precipitate  appears. 

(e)  Examine  solution  in  polarimeter  before  and  after 
hydrolysis. 

After  hydration  to  glucose  there  is  a great  fall  in  dextro- 
rotatory power. 

This  solution  is  characterised  by  its  transparency  (com- 
pared to  starch),  the  tendency  to  produce  reduction,  the 
colour  of  the  iodide  compound,  and  the  non-precipitability 
with  basic  lead  acetate. 

3.  Glycogen  (1  per  cent,  solution). 

Note  the  characteristic  opalescence. 

(a)  Add  a few  drops  of  iodine  solution  to  a portion 
of  the  solution  in  a test  - tube , reddish  - brown  coloration 
appears , due  to  formation  of  iodide  of  glycogen.  Heat  and 
alkalies  have  the  same  effect  as  with  the  iodides  of  the  other 
two  polysaccharides.  Test  their  effect. 

(b)  Make  some  of  the  solution  alkaline  and  add  drop  by 
drop  CuSO 4,  shaking  after  each  addition.  The  cupric  hydrate 
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is  dissolved , the  solution  becoming  of  a deep  blue  colour.  On 
heating , no  reduction  occurs , if  the  solution  be  free  from 
glucose. 

(c)  Take  some  of  the  fluid  in  a porcelain  basin,  acidify 
with  HCl,  and  boil ; glucose  is  gradually  formed.  Take  some  of 
the  acid  fluid  after  five  to  ten  minutes'  boiling,  make  alkaline 
luith  KOH,  add  Fehling’s  solution,  and  boil.  Reduction  to 
cuprous  oxide  occurs. 

(d)  Add  some  basic  lead  acetate  to  the  solution,  the 
glycogen  is  precipitated. 

This  solution  is  characterised  by  its  physical  characters, 
its  reaction  with  iodine,  and  its  precipitation  by  basic  lead 
acetate. 

“SALTING  OUT ” POLYSACCHARIDES. 

It  is  very  important  to  remember  that  these  polysacchar- 
ides (the  majority  at  least)  may  be  precipitated  by  saturating 
their  solutions  with  such  salts  as  (NH4)2S04,  Na2S04,  and 
MgS04,  and  hence  may  lead  one  astray  in  testing  for  pro- 
teids.  Starch,  glycogen,  and  probably  all  the  dextrins,  except 
achroodextrin,  are  precipitated.  The  precipitate  therefore 
obtained  on  “ salting  out  ” a fluid  should  always  be  tested  for 
poly-saccharides,  by  dissolving  in  water  and  testing  with 
iodine. 

As  an  example  of  this,  starch  may  be  tested. 

Saturate  solution  with  (NH^SO^  crystals,  filter,  wash 
precipitate  with  saturated  (NH^)2SO±  solution,  then  dissolve 
it  in  water  and  test  with  iodine. 

The  sugars  are  not  precipitated  in  the  same  way  by 
neutral  salts,  and  hence  this  method  may  be  employed  for 
separation  of  those  carbohydrates. 

Alcohol  of  different  strengths  may  also  be  used  for 
separating  the  different  polysaccharides. 


GLYCURONIC  ACID. 


This  acid  is  of  importance  because  it  occurs  as  a patho- 
logical constituent  in  urine,  always  in  the  paired  form — as, 


GLYCURONIC  ACID 


!9 


c.g .,  with  chloral  hydrate  as  urocliloralic  acid.  In  this  form 
it  is  loevo-rotatory,  while  as  the  free  acid  it  is  dextro-rotatory. 

(a)  It  gives  all  the  ordinary  reduction  tests , e.g.,  Trommer, 

Fehling , Bocttger.  Test. 

(b)  It  does  not  ferment.  Test  in  Einliorn  tube. 

(c)  It  gives  the  pliloroglucin  test  for  pentoses  (see  p.  12). 

Test. 

(d)  Also  gives  the  orcin  pentose  reaction  (see  p.  12). 

Test. 

(e)  In  order  to  distinguish  it  from  pentose,  one  of  the 
best  methods  is  to  separate  the  acid  in  the  form  of  the 
p.  bromphenylhydrazone. 

Take  about  50  c.c.  of  glycuronic  acid  solution  in  a 
porcelain  basin , add  1 grm.  of  hydrochloride  of  p.  brom- 
plienylhydrazine,  and  rather  more  sodium  acetate.  Bring 
mixture  to  boiling  point , and  then  keep  on  water  bath  for 
about  fifteen  minutes,  when  a mass  of  fine  yellow  crystals 
begins  to  appear.  Cool.  Filter  off  liquid.  Wash  crystals 
with  absolute  alcohol,  in  which  they  are  insoluble.  This 
hydrazone , unlike  the  p.  bromphenylosazones,  formed  from 
carbohydrates  in  the  same  way,  is  quite  insoluble  in  absolute 
alcohol.  Also,  when  dissolved  in  pyridin-dbsolute  alcohol, 
it  shows  a much  greater  rotatory  power  than  any  of  the 
latter. 

Rote. — The  tests  for  glycuronic  acid  may  be  carried  out  with  a yellow  pigment, 
Indian  yellow,  which  mainly  consists  of  a magnesium  salt  of  a paired  glycuronic 
acid — euxanthiuic  acid.  The  best  way  to  prepare  it  is  as  follows  : — Mix  up  the 
powder  with  a little  water,  wash  with  dilute  HC1,  filter,  wash  away  excess  of 
HC1  with  water.  Dissolve  the  insoluble  material  (euxanthinic  acid)  in  hot 
alcohol,  cool ; crystals  separate  out.  These  may  be  recrystallised.  This  paired 
acid  may  be  examined  polarimetrically  and  chemically,  or  it  may  be  split  up 
into  euxantlion  and  glycuronic  acid,  mixing  up  1 grm.  with  200  c.c.  water, 
and  digesting  for  about  one  hour  at  120°  to  125°  in  autoclave.  Filter.  Evaporate 
down  filtrate  to  thin  syrup,  and  allow  the  glycuronic  acid  to  crystallise  out 
(the  anhydride).  These  tests  may  be  carried  out  with  this  body. 

Or,  glycuronic  acid  may  be  prepared  from  urochloralic  acid,  obtained  from 
dog’s  urine  after  chloral  hydrate  has  been  given  (Drechsel). 


CHAPTER  III 


FATS 

The  next  group  of  nitrogen-free  organic  substances  is  that 
of  the  Fats. 

The  tests  may  be  carried  out  with  such  a mixture  of  fats 
as  occurs  in  beef-  or  mutton-fat,  or  in  an  oil  such  as  palm-  or 
castor-oil. 

If  the  fat  be  a solid  one,  at  room  temperature,  then  it  is 
advisable  to  take  the  melting  point  first  of  all. 

(a)  Take  a small  quantity  of  fat  in  a very  short  test- 
tube  of  small  calibre , or,  best  of  all,  in  a small  piece  of  glass 
tubing  with  one  end  fused.  Keep  the  tube  in  a beaker  of 
water,  at  a temperature  of  about  25°  to  30°,  and,  with  a rubber 
band,  clamp  a short  thermometer  to  it.  Place  in  the  beaker 
a suitable  glass  stirrer,  the  circular  end  of  which  surrounds 
the  tube  and  thermometer.  Gradually  warm  the  water, 
stirring  it  so  as  to  allow  of  equal  distribution  of  heat,  and 
note  the  temperature  at  which  the  fats  melt. 

(b)  Pour  a little  of  the  melted  fat  upon  a piece  of 
paper. 

Note  the  grease  spot  from  the  melted  fat  penetrating  the 
paper. 

(c)  Add  a drop  of  plienolphthalein  to  a few  c.c.  alcohol 
in  a test-tube,  and  one  or  two  drops  of  very  dilute  alkali, 
just  sufficient  to  give  the  solution  a red  colour.  Now  add  a 
drop  or  two  of  an  ethereal  solution  of  the  melted  fat ; if  the 
red  colour  does  not  disappear,  then  the  fat  mixture  does  not 
contain  free  fatty  acids. 

The  ether  must  of  course  be  neutral  in  reaction. 
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(d)  Saponification. 

On  one  'water  bath  in  the  laboratory  keep  a fairly  large 
quantity  of  the  fat  melted  in  a porcelain  basin , and  on 
another  keep  a.  flask  ( fitted  with  upright  condenser ) contain- 
ing a strong  alcoholic  solution  of  potash , at  a tempera- 
ture slightly  below  boiling  point.1  Pour  some  of  the  latter 
into  a flask  kept  in  hot  water  bath , and  immediately  pour 
in  some  of  the  melted  fat.  Mix  thoroughly  and  keep  on 
hot  water  bath  until  saponification  is  complete  ( takes  place 
rapidly).  Occasionally  take  out  a small  quantity  and  shake  up 
gently  in  a little  distilled  water.  If  saponification  be  finished, 
no  oil  drops  will  rise  to  the  top. 

(e)  Decomposition  of  the  Soap. 

Warm  some  2 0 per  cent.  H2SO±  in  a flask , and  gradually 
add  some  of  the  soap  solution  to  it ; the  fatty  acids  separate 
out  as  an  oily  layer  on  the  top.  Cool  and  skim  off  the 
surface  layer , which  may  be  washed  with  distilled  water 
until  free  from  the  H2SO±.  With  this  deposit  carry  out  the 
tests  for  fatty  acids  (/),  {g),  and  (]i). 

(/)  Dissolve  some  fatty  acid  in  ether , and  add  to  slightly 
alkaline  phenolphthalein  ; the  red  colour  is  discharged. 

(g)  Dissolve  some  in  NaOH , and  shake  up  with  warm 
water.  Soap  lather  is  produced. 

Keep  this  for  Test  (i). 

(Ji)  Heat  some  of  the  fatty  acid  in  dry  test-tube  with 
acid  potassium  sulphate.  No  smell  of  acrolein  {if  the  fatty 
acid  precipitate  is  free  from  glycerine). 

(i)  Add  a small  quantity  of  cod-liver  oil  to  some  soap 
solution  in  a test-tube.  Emulsion  is  formed  on  shaking. 

(/)  The  presence  of  glycerine  in  the  fat  may  be  detected, 
by  testing  either  the  syrupy  residue  left  on  evaporation  of 
filtrate  from  the  fatty  acids , or  a small  quantity  of  the  fat 
itself.  Mix  up  thoroughly  some  fat  or  glycerine  loith  KHSO± 

1 Dissolve  30  grms.  KOH  iu  20  c.c.  water  in  water  bath,  and  then  pour  this 
into  200  c.c.  90  per  cent,  alcohol  kept  in  a litre  flask. 
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in  a dry  mortar , then  transfer  to  dry  test-tube  and  heat 
carefully. 

The  pungent  odour  of  acrolein  can  then  easily  he  detected 
at  some  distance  off. 

(k)  The  presence  of  lower  fatty  acids  can  be  detected  on 
smelling  the  warm  acid  fluid  obtained  during  the  decomposi- 
tion of  the  soaps. 

(l)  The  melting  point  of  purified  fatty  acids  can  be  taken 
and  compared  with  that  of  the  original  fat. 
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PROTEIDS 

We  now  come  to  the  most  important  class  of  organic  sub- 
stances with  which  we  have  to  deal,  namely,  the  proteicls. 
All  of  these  contain  nitrogen,  practically  all  sulphur,  many 
phosphorus,  and  a few  iodine. 

The  readily  accessible  proteids  of  egg  white  may  be  used 
as  types  of  the  proteids  in  general.  Egg  white  is  separated 
from  the  yolk,  thoroughly  whipped  so  as  to  break  up  the  egg 
membranes,  and  filtered  through  calico,  which  has  been 
previously  freed  from  starch  by  thorough  washing.  The  viscid 
fluid  thus  obtained  is  faintly  yellow  in  colour,  alkaline  in 
reaction,  and  has  a specific  gravity  of  P045.  It  contains 
10  to  13  per  cent,  of  proteid,  the  greater  proportion  of  which 
consists  of  egg  albumin. 

A small  quantity  of  the  filtered  egg  white,  on  dilution 
with  nineteen  times  its  volume  of  water,  yields  a well-marked 
white  precipitate — egg  globulin — which  readily  dissolves  on 
the  addition  of  a few  drops  of  a saturated  solution  of  sodium 
chloride.  If  the  greater  part  of  the  egg  white  be  similarly 
diluted  with  water,  and  filtered  from  the  precipitate  of  globu- 
lin, one  obtains  an  approximately  *5  per  cent,  solution  of 
ovalbumin,  together  with  other  substances,  to  be  studied  later. 
This  solution  may  be  utilised  for  the  following  reactions : — 

GENEEAL  PEOTEID  EE  ACTIONS 

(WITH  A '5  PER  CENT.  OVALBUMIN  SOLUTION). 

The  reactions  for  proteids  may  be  divided  into  colour  and 
precipitation  reactions. 
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I.  COLOUR  REACTIONS. 

These  are  dependent  upon  the  presence  of  certain  atomic 
groups  in  the  proteid  molecule. 

1.  Biuret,  or  Piotrowski’s  Reaction. 

Add  to  a small  quantity  of  the  aqueous  solution  of  egy 
white  about  half  its  volume  of  strong  caustic  soda  or  potash 
solution , and  one  or  two  drops  of  very  dilute  cupric  sulphate. 
A violet  coloration  results.  Excess  of  copper  sulphate  renders 
the  reaction  indistinct , by  lending  to  the  solution  a bluish  tint 
which  is  not  characteristic.  On  heating , the  violet  solution 
acquires  a pink  tint. 

This  reaction  depends  on  the  presence  of  at  least  two 
— CO — NH2 — groups,  either  united  directly  with  one 
another,  or  connected  by  a single  C or  N atom,  or  by  one  or 
more  — CO.NH — groups. 

2.  Millon’s  Reaction. 

To  a small  quantity  of  the  egg  albumin  solution  add  an 
equal  volume  of  Millon’s  reagent.  A white  precipitate  forms, 
which  on  heating  becomes  red  in  colour  and  collects  itself  into 
coagida. 

This  reaction  depends  upon  the  presence  of  an  aromatic 
radicle  in  the  proteid  molecule.  It  is  given  by  all  substances 
which  contain  the  group  C6H6,  with  at  least  one  H replaced 
by  OH,  e.g.,  phenol,  tyrosin,  etc.  Millon’s  reagent  is  a solution 
of  mercury  in  nitric  acid  containing  some  nitrous  acid. 

3.  Xanthoproteic  Reaction. 

Add  to  a small  quantity  of  egg  albumin  solution,  nitric 
acid,  until  precipitation  of  the  proteid  is  complete.  The 
white  precipitate  produced  becomes  yellow  on  heating,  and 
gathers  itself  together  into  flocculent  coagida.  Cool  the  solution 
and  add  ammonia,  caustic  soda,  or  potash,  in  excess.  The 
colour  of  the  coagula  changes  to  an  orange.  If  the  alkali  be 
gradually  added,  a more  or  less  distinct  precipitate  forms  in 
the  acid  fluid — acid  albumin — which  dissolves  in  excess  of  the 
alkali,  to  form  an  orange -coloured  solution.  This  precipitate  is 
more  abundant,  if  excess  of  the  acid  has  originally  been  added. 


) 


PRO  TE  IDS 


25 


Tlie  reaction  is  due  to  the  formation  of  nitro-substitution 
products  from  aromatic  radicles  in  the  proteid  molecule. 

4.  Adamkiewicz’s  Eeaction. 

Add  large  excess  of  glacial  acetic  acid  to  a small  quantity 
of  undiluted  egg  white.  Heat  the  solution,  cool,  and  let 
some  concentrated  sulphuric  acid  flow  slowly  down  the  side 
of  the  inclined  test-tube.  On  standing,  a reddish-violet  colour 
appears  at  the  line  of  junction  between  the  two  fluids. 

This  reaction  is  due  to  the  presence  of  glyoxylic  acid, 
present  as  an  impurity  in  glacial  acetic  acid  (Hopkins  and 
Cole).  The  reaction  probably  indicates  the  presence  of  an 
indol  or  skatol  radicle  in  the  proteid  molecule. 

5.  Hopkins  and  Cole’s  Modification  of  the  Test. 

To  a small  quantity  of  egg  albumin  solution  add  an 
equal  volume  of  dilute  glyoxylic  acid  (see  Appendix),  then  at 
least  one-third  the  total  volume  of  concentrated  sulphuric 
acid , and  heat  gradually.  The  fluid  acquires  a reddish- 
violet  colour,  and  shows , on  spectroscopic  examination,  an 
absorption  band  lying  between  b and  F. 

6.  Liebermann’s  Eeaction. 

Add  large  excess  of  concentrated  hydrochloric  acid  to  a 
small  quantity  of  undiluted  egg  white,  and  heat  the  solution 
to  the  boiling  point.  The  solution  acquires  a violet  colour. 
On  standing,  the  tint  changes  to  a brown,  and  a dark  brown 
precipitate  separates  out. 

This  reaction  is  probably  due  to  the  presence  of  a carbo- 
hydrate and  an  aromatic  radicle  in  the  proteid  molecule. 
The  furfurol  formed  by  the  action  of  the  acid  on  a carbo- 
hydrate radicle  unites  with  an  aromatic  radicle  to  give  the 
violet  coloration.  Skatol,  however,  when  heated  with  con- 
centrated hydrochloric  acid,  gives  a similar  reaction. 


II.  PRECIPITATION  REACTIONS. 

1.  Heat  Coagulation. 

Heat  a small  quantity  of  the  aqueous  egg  albumin  solu- 
tion. A precipitate  forms  before  the  solution  has  reached  the 
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boiling  'point.  On  faint  acidification  with  a drop  or  two  of 
1 per  cent,  acetic  acid , the  precipitate  separates  out  more 
completely  in  the  form,  of  flocculi.  Complete  coagulation  is 
insured  if  one-sixth  its  volume  of  concentrated  sodium  chloride 
solution  be  added  to  the  egg  albumin  solution  prior  to  heating. 

Determination  of  the  Temperature  of  Coagulation  of 

Albumin. 

Place  some  1 in  20  egg  albumin  solution  in  a test-tube , 
and  render  it  very  faintly  acid  with  dilute  acetic  acid.  Fit 
the  test-tube  with  a cork  having  two  holes , through  one  of 
which  a thermometer  passes.  The  egg  albumin  solution 
should  completely  cover  the  bidb  of  the  thermometer.  Fix 
the  tube  vertically  by  means  of  a clamp),  and  immerse  it  in 
water  contained  in  a large  beaker.  Gradually  heat  the  water 
in  the  beaker,  stirring  constantly,  and  note  the  temperature 
at  which  a cloud  appears  in  the  albumin  solution. 

2.  Precipitation  by  Concentrated  Mineral  Acids. 

E.g.,  nitric  and  hydrochloric  acids.  The  precipitate  pro- 
duced dissolves  only  with  difficulty  in  excess  of  the  acids  used. 

Place  some  concentrated  nitric  acid,  in  a test-tube.  Then 
pour  a little  albumin  solution  slowly  down  the  side  of  the 
inclined  tube,  so  that  it  forms  a layer  above  the  acid.  Note 
the  opaque  ring  due  to  precipitated  albumin  at  the  plane  of 
junction ; then  mix  the  fluids  by  shaking.  On  boiling  the 
coagula,  which  form,  partially  dissolve  in  excess  of  the  acid. 

3.  Precipitation  by  Neutral  Salts  of  the  Alkaline 

Metals  and  of  Magnesium. 

For  the  following  tests  a solution  of  egg  white  should  be 
used,  in  which  the  globulin  has  been  brought  into  solution 
by  the  addition  of  a few  drops  of  concentrated  sodium 
chloride  solution  : — 

(a)  To  a small  quantity  of  the  solution  gradually  add 
finely -powdered  magnesium  sulphate,  and  continue  adding  it 
until  some  remains  undissolved.  The  solution  of  the  salt 
may  be  aided  by  shaking,  and  by  heating  the  test-tube  on  the 
water  bath  to  a temperature  not  exceeding  30°.  After  ten 
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minutes,  filter  from  the  'precipitate  of  globulin  which  forms , 
and  heat  part  of  the  filtrate  to  the  boiling  point , then  faintly 
acidify  with  dilute  acetic  acid . A coagulum  of  ovalbumin 
forms.  To  another  portion  of  the  filtrate  add  two  drops  of 
dilute  hydrochloric  acid  in  the  cold;  a precipitate  of  ovalbumin 
forms. 

This  illustrates  the  influence  of  the  reaction  upon  the 
precipitability  of  proteids. 

(b)  Saturation  with  sodium  chloride  also  precipitates 
the  globulin. 

Saturate  with  NaCl,  shake  thoroughly , and  filter. 

The  albumin  may  be  precipitated  from  the  filtrate  by  the 
addition  of  a few  drops  of  dilute  hydrochloric  acid,  or  in  the 
form  of  a coagulum  by  heat. 

Divide  filtrate  into  two  portions , heat  one , and  add  a few 
drops  of  dilute  HCl  to  the  other. 

( c ) To  another  portion  of  the  solution  add  an  equal 
volume  of  saturated  ammonium  sulphate  solution.  Shake. 
A precipitate  of  globulin  appears.  Filter , and  saturate 
hltrate  with  finely -powdered  ammonium  sulphate ; a pre- 
cipitate of  ovalbumin  forms. 

The  precipitates  of  globulin  or  albumin,  produced  by 
saturation  of  their  solutions  with  neutral  salts,  may  be  re- 
dissolved in  dilute  solutions  of  neutral  salts  or  water  respect- 
ively. They  consist  of  unaltered  proteids. 

{d)  Half  saturate  with  anhydrous  sodium  sulphate  at 
30°  (circa,  25  per  cent.),  egg  globulin  is  precipitated.  Com- 
pletely saturate  at  30°,  ovalbumin  is  precipitated. 

4.  Precipitation  by  Salts  of  the  Heavy  Metals. 

E.g .,  mercuric  chloride,  copper  sulphate,  or  basic  lead 
acetate. 

N.B. — In  solutions  containing  chlorides,  phosphates,  or 
sulphates,  the  last  salt  yields  precipitates  of  lead  chloride, 
phosphate,  or  sulphate. 

(1 a ) To  a small  quantity  of  aqueous  egg  albumin  solution 
add  two  or  three  drops  of  a solution  of  mercuric  chloride. 
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A heavy  white  precipitate — mercuric  albuminate — -forms, 
which  readily  dissolves  on  the  addition  of  a small  quantity 
of  a saturated  solution  of  sodium  chloride.  The  mercuric 
albuminate  may  be  reprecipitated  from  its  solution  in  sodium 
chloride  by  the  addition  of  a few  drops  of  dilute  hydro- 
chloric acid. 


(b)  To  a small  quantity  of  aqueous  ovalbumin  solution 
add,  drop  by  drop,  dilute  cupric  sulphate  solution  as  long  as 
a bluish-white  precipitate  continues  to  form  {ca.  two  to  three 
drops).  The  precipitate  dissolves  in  excess  of  caustic  alkali 
to  form  a violet  solution  ( Piotrowski , or  biuret  test). 


5.  Precipitation  by  Alkaloidal  Reagents  in 

Acid  Solution. 

(a)  Hydroferrocyanic  acid. 

Add  to  a small  portion  of  aqueous  egg  albumin  solution 
acetic  acid  up  to  ca.  2 per  cent.,  and  then,  drop  by  drop, 
potassium  ferrocyanide  solution  (1  in  20),  shaking  after  each 
addition,  so  long  as  the  precipitate  continues  to  increase  in 
bulk.  A voluminous  precipitate  forms. 

The  presence  of  neutral  salt  renders  precipitation  less 
complete. 

(i b ) Picric  acid. 

Add  to  a portion  of  the  aqueous  solution  a few  drops  of 
picric  acid  = precipitate. 

(c)  Tannic  acid. 

A precipitate  forms  on  the  addition  of  a few  drops  of 
tannic  acid  solution  to  the  solution. 

{d)  Trichloracetic  acid. 

Add  to  a small  quantity  of  the  solution  a few  drops  of 
a 2 to  4 per  cent,  solution  of  trichloracetic  acid ; a precipit- 
ate forms. 

( e ) Potassio -mercuric  iodide  (Briicke’s  reagent). 

Acidify  a small  portion  of  the  solution  with  dilute 
hydrochloric  acid,  and  add  a few  drops  of  Britches  reagent ; 
a distinct  precipitate  forms. 
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(/)  Metaphosphoric  acid. 

A precipitate  also  forms  on  addition  of  a few  drops 
of  a freshly  prepared  aqueous  solution  of  metaphosphoric  acid 
to  the  solution. 

6.  Alcohol. 

To  a small  quantity  of  egg  albumin  solution  add  methyl- 
ated spirit ; a precipitate  of  albumin  forms. 

The  precipitate,  which  is  at  first  capable  of  re-solution 
in  water,  is  rapidly  converted  into  an  insoluble  modification 
or  coagulum. 

7.  Ether. 

Slightly  acidify  with  dilute  sulphuric  acid  a small 
(quantity  of  the  aqueous  egg  albumin  solution,  then  add  half 
its  volume  of  ether,  and  shake  gently  ; a flocculent  precipit- 
ate of  egg  albumin  forms. 


PREPARATION  OF  CRYSTALS  OF  OVALBUMIN 

FROM  EGO  WHITE. 

Hopkins’  Method. 

To  undiluted  fresh  egg  white  an  equal  volume  of  a 
saturated  solution  of  ammonium  sulphate  is  gradually  added, 
the  mixture  being  thoroughly  whipped,  after  each  addition. 
After  standing  for  about  twelve  hours  in  a stoppered  vessel, 
the  solution  is  filtered,  from  the  precipitate  of  egg  globulin. 
The  filtrate  is  alkaline  in  action,  and  has  an  ammoniacal 
odour.  10  per  cent,  acetic  acid,  either  dissolved  in  water, 
or,  better,  in  half-saturated  solution  of  ammonium  sulphate,  is 
gradually  added  to  the  fi.ltrate  from  a burette,  the  mixture 
being  shaken  after  the  addition  of  each  drop.  The  addition 
of  dilute  acetic  acid  is  continued  until  a very  faint  opal- 
escence forms.  The  vessel  is  then  stoppered,  and  allowed  to 
stand  for  twelve  to  twenty-four  hours.  A copious  precipitate 
will  then  have  formed,  which  on  microscopic  examination 
will  be  found  to  consist  of  acicular  crystals,  free  from 
amorphous  material. 
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Other  dilute  acids,  e.g .,  — sulphuric  acid,  may  be  used 

5 

N 

instead  of  acetic.  If  --  sulphuric  acid  be  used,  the  acid 

solution  should  be  made  up  with  half-saturated  ammonium 
sulphate  solution  instead  of  water. 

DEMONSTRATION  OF  THE  COLLOID  NATURE 

OF  ALBUMIN. 

Place  a solution  of  egg  albumin  in  5 per  cent,  sodium 
chloride,  either  in  a sausage  tube  dialyser,  suspended  in  a tall 
cylinder  containing  distilled  water,  or  in  a ring  dialyser. 
After  twenty -four  hours,  test  a portion  of  the  clialysctte  for 
chlorides,  by  the  addition  of  nitric  acid  and  silver  nitrate,  and 
for  proteids  by  any  of  the  colour  reactions.  In  the  former 
case  the  result  is  positive , in  the  latter  negative. 


THE  ALBUMINS  (I.)  AND  GLOBULINS  (II.) 

OF  BLOOD  SERUM. 

Blood  serum  is  a clear,  or  faintly  opalescent,  alkaline, 
slightly  viscid  fluid,  having  a more  or  less  distinct  yellow 
tint.  It  is  frequently  of  a slight  red  colour,  owing  to  the 
presence  of  dissolved  oxyhemoglobin. 

(a)  To  20  c.c.  water , acidified  with  three  drops  of  1 per 
cent,  acetic  acid,  1 or  2 c.c.  of  blood  serum  are  added. 
On  standing,  a finely  fiocculent  precipitate  of  serum  globulin 
separates  out  from  the  solution. 

(b)  Prepare  a saturated  aqueous  solution  of  magnesium 
sulphate.  To  this  add  a few  drops  of  blood  scrum  ; a pre- 
cipitate of  serum  globulin  separates  out. 

( c ) To  a portion  of  blood  serum  add  an  equal  volume  of 
a saturated  solution  of  ammonium  sidphate.  Filter  off  the 
precipitate  of  scrum  globulin  which  separates  out.  Heat  a. 
small  portion  of  the  filtrate ; a coagulum  of  scrum  albumin 
forms. 
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(1 d ) Saturate  the  remainder  of  the  filtrate  with  finely 
powdered  ammonium  sulphate ; a precipitate  (e)  of  serum 
albumin  forms.  Filter  off  this  precipitate.  The  filtrate , 
being  proteid  free,  will  be  found  to  give  no  xanthoproteic  re- 
action. 

(e)  The  precipitate  of  serum  albumin  dissolves  readily  in 
water.  The  solution  thus  obtained  may  be  tested  in  the 
same  way  as  that  of  egg  albumin.  The  following  are  the 

chief  differences  which  will  be  noted : — 


Egg  Albumin. 

1.  Precipitated  by  ether. 

2.  Readily  precipitated  by  concen- 
trated hydrochloric  acid  ; only  soluble 
with  difficulty  in  excess. 

3.  Rapidly  and  easily  precipitated 
by  alcohol ; precipitate  rapidly  be- 
comes insoluble  in  water. 


Serum  Albumin. 

1.  Not  precipitated  by  ether. 

2.  Precipitate  which  forms  with 
cone.  HC1  dissolves  readily  in  excess 
of  the  acid. 

3.  More  slowly  precipitated  by  al- 
cohol ; the  precipitate,  if  quickly 
filtered  off,  is  soluble  in  water. 


Carry  out  these  three  tests  with  egg  albumin  and  serum 
albumin  solutions. 

From  the  tests  which  have  been  carried  out,  tabulate  the 
distinctive  characters  of  albumins  (I.)  and  globulins  (II.) 
before  going  on  to  the  tests  for  bodies  derived  from  these 
(acid  and  alkali  albumins,  albumose,  peptone). 


ACTION  OF  ACIDS  (III.)  AND  ALKALIES  (IY.)  ON 

EGO  ALBUMIN. 

III.  ACTION  OF  ACIDS:  ACID  ALBUMINS. 

(a)  To  a small  quantity  of  undiluted  egg  white  add 

about  one-tliird  its  volume  of  glacial  acetic  ado. 1.  Mix 

thorougldy.  On  standing , a jelly  consisting  of  acid  albumin 
forms. 

(b)  To  half  a test-tubeful  of  1 in  10  aqueous  solution 
of  egg  white  add  five  or  six  drops  of  acetic  acid,  and  leave 
on  the  water  bath  at  40°  to  50°  for  at  least  ten  minutes. 
Then  gradually  heat  the  solution  to  the  boiling  point.  No 
coagulum  results. 
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(c)  Add  to  a portion  of  the  cooled  solution  a few  drops 
of  litmus , and  then , drop  by  drop,  dilute  caustic  soda ; a 
precipitate  of  acid  albumin  forms  while  the  solution  is  still 
faintly  acid. 

(d)  Saturate  another  portion  of  the  acid  albumin  solution 
with  sodium  chloride  or  magnesium  sulphate ; a precipitate 
of  acid  albumin  forms. 

IV.  ACTION  OF  ALKALIES,  ALKALI  ALBUMINS. 

(a)  To  a small  quantity  of  undiluted  egg  white  add  one 
third  its  volume  of  a concentrated  solution  of  caustic  soda.  Mix 
thoroughly ; a jelly  of  alkali  albumin  (Lieberkuhn’s  jelly ) 
forms. 

(b)  Heat  another  portion  of  egg  white  with  ticice  its 
volume  of  10  per  cent,  caustic  soda.  Ammonia  is  given  off. 
It  may  be  detected  by  its  odour,  by  the  alkaline  reaction  with 
moistened  red  litmus  paper,  by  the  formation  of  ammonium 
chloride  with  the  fumes  from  the  bottle  of  concentrated  hydro- 
chloric acid,  or  by  the  blackening  of  a piece  of  filter  paper 
moistened  with  mercurous  nitrate  solution. 

(c)  Divide  the  alkaline  solution  into  two  portions.  To 
one  of  these  add  a solution  of  lead  hydrate  in  caustic  soda 
= brownish-black  precipitate  of  lead  sulphide.  To  the  other, 
add  a dilute  solution  of  sodium  nitroprusside  = a reddish- 
violet  coloration.  “ Loosely  combined  sulphur.” 

(d)  To  half  a test-tubeful  of  1 in  10  aqueous  solution  of 
egg  white  add  three  or  four  drops  of  10  per  cent,  caustic  soda, 
and  digest  on  the  water  bath  at  40  to  50 ° for  ten  minutes. 
Then  heat  the  solution  gradually  to  the  boiling  point  = no 
coagulation. 

(e)  Divide  the  cooled  solution  into  two  parts.  To  one  of 
these  add  a few  drops  of  litmus  solution,  and  then,  drop  by 
drop,  dilute  acetic  acid,  until  a precipitate  forms.  Excess 
of  the  acid  redissolves  the  precipitate. 

(/)  Add  dilute  acetic  acid,  to  another  portion  of  the 
alkali  albumin  solution,  until  it  is  nearly  neutralised ; then 
saturate  with  sodium  chloride  = a precipitate. 
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ALBUMOSES  (V.)  AND  PEPTONES  (VI.). 

These  products  of  the  digestion  of  proteids  will  be  studied 
more  fully  in  connection  with  gastric  and  pancreatic  digestion. 
For  the  following  reactions,  a 5 per  cent,  solution  (or  weaker) 
of  “ Witte’s  peptone,”  in  5 per  cent,  sodium  chloride  solution, 
may  be  employed. 

V.  ALBUMOSES.1 * 3 

(a)  Boil  some  ctlbumose  solution  = no  precipitate. 

(b)  To  a small  portion  of  the  solution  add,  drop  by  drop, 
concentrated  nitric  acid,  as  long  as  the  precipitate  continues  to 
increase.  Then  heat  the  solution  to  the  boiling  point.  The 
precipitate  dissolves,  to  form  a yellow  solution.  On  cooling 
under  the  water  tap,  the  precipitate  reappears. 

N.B. — Care  must  be  taken  not  to  employ  excess  of  the  acid. 

(c)  Biuret  reaction  = pink,  not  violet  coloration. 

(i d ) Saturate  part  of  the  solution  with  sodium  chloride 
= pp.  of  primary  albumoses.  Filter. 

( e ) Acidify  filtrate  with  acetic  acid—pp.  of  part  of  the 
deutero-albumose. 

VI.  PEPTONES. 

(a)  Render  slightly  acid  with  dilute  acetic  acid,  and 
saturate  the  solution  with  ammonium  sulphate  = a precipitate 
of  albumoses. 

(b)  Filter.  The  filtrate  will  give  a more  or  less  distinct 
yellow  colour  with  nitric  acid,  but  no  pirecipitate.  On  render- 
ing alkaline,  the  tint  deepens  to  an  orange. 

The  quantity  of  true  peptone  is  usually  very  small. 

The  proteids  which  have  been  examined  are  the  so-called 
simple  native  proteids  and  bodies  of  proteid  nature  derived 
from  them. 

There  are  others  which  have  another  radicle,  e.g.,  a nuclein, 

1 Frequently  the  term  proteoses  is  given  to  this  class  of  substances.  The 

proteoses  are  then  divided  into  sub-classes  having  names  derived  from  those  of 
the  proteids  from  which  they  take  their  origin,  e.g.,  albumoses,  globuloses, 
fibrinoses,  gelatoses,  etc. 
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or  haematin  (as  in  haemoglobin),  or  a carbohydrate  radicle  (as 
in  mucin),  united  to  the  simple  proteid.  These  will  be  studied 
later  in  connection  with  the  tissues  in  which  they  occur. 

There  is  a group  of  proteids,  containing  members  which 
are  difficult  to  classify  otherwise,  namely,  the  albuminoids. 
As  examples,  gelatin  and  keratin  may  be  taken. 

ALBUMINOIDS. 

I.  GELATIN. 

Commercial  gelatin  always  contains  traces  of  proteid, 
from  which  it  may  be  partially  freed  by  washing  with  cold 
water.  After  washing  with  cold  water,  in  which  the  gelatin 
swells  up  but  does  not  dissolve,  the  gelatin  is  well  pressed. 

A small  quantity  of  gelatin , on  heating  with  water , dis- 
solves. On  cooling , the  solution,  if  sufficiently  concentrated, 
gelatinises.  If  the  solution  he  hoiled  for  some  time , it  loses  the 
power  of  forming  a jelly  on  cooling. 

A dilute  solution  will  serve  for  the  following  reactions  : — 

I.  COLOUR  REACTIONS. 

(a)  Piotrowski’s  Reaction  (see  p.  24),  bluish-violet  colour. 

Do  this  test. 

(b)  Xanthoproteic  Reaction. 

To  a small  quantity  of  the  gelatin  solution,  add  three  or 
four  drops  of  concentrated  nitric  acid.  No  precipitate  forms. 
On  heating,  the  solution  acquires  a very  faint  yelloiu  tint. 
Cool  the  solution  and  render  alkaline  with  ammonia  = slight 
deepening  of  the  yelloiu  tint. 

(< c ) Millon’s  Reaction. 

To  a small  portion  of  the  gelatin  solution,  add  Milton's 
reagent  = white  precipitate.  On  boiling,  the  precipitate,  as  a 
ride,  becomes  faintly  red. 

The  reddening  is  possibly  due  to  traces  of  proteid,  present 
as  an  impurity  in  the  gelatin.1 

1 Although  tyrosin  cannot  be  obtained  from  pure  gelatin,  it  is  probable  that 
even  the  purest  specimens  give  a slight  Millon’s  reaction. 


I 


V 


ALB  UMINOIDS 


35 


II.  PRECIPITATION  REACTIONS. 

(a)  Saturate  portions  of  the  solution  with  magnesium 
sulphate  and  with  ammonium  sulphate.  Precipitates  form  in 
both  cases. 

(b)  Tannic  Acid. 

With  tannic  acid  a copious  precipitate  forms. 

(c)  Mercuric  chloride  does  not  precipitate  gelatin  from  a 
dilute  neutral  solution , but  in  the  presence  of  dilute  hydro- 
chloric acid  a copious  precipitate  forms. 

(i d ) Lead  acetate  does  not  precipitate  gelatin. 

( e ) Acetic  acid  and  potassium  ferrocyanide  also  do  not 
produce  a precipitate , or  only  a very  slight  one. 

(/)  To  a small  quantity  of  the  solution  of  gelatin  add 
bromine  water ; a copious  precipitate  forms. 

II.  KERATIN. 

The  albuminoid  keratin  is  distinguished  by  its  high  resist- 
ing power  to  the  action  of  chemical  agents. 

For  the  following  tests  horn  shavings  may  be  employed  : — 

1.  Note  its  insolubility  in  hot  and  cold  water  and  in 
dilute  acids.  By  prolonged  boiling  with  acids  it  is  hydro- 
lysed (Part  II.). 

2.  Heat  a small  quantity  with  1 0 per  cent,  caustic  soda. 
It  only  undergoes  very  partial  solution.  Add  a drop  of  lead 
acetate.  The  horn  shaving  blackens , the  solution  becomes  of  a 
brownish-black  colour , and , on  standing , a precipitate  of  lead 
sulphide  separates  out. 

Keratin  is  characterised  by  the  large  proportion  of  both 
loosely  and  firmly  combined  sulphur  which  it  contains. 

3.  Suspend  a smcdl  portion  in  water,  add  a few  drops 
of  HNOz,  and  heat.  The  shaving  acquires  a yellow  colour, 
which  darkens  to  an  orange  on  rendering  the  cooled  fluid 
cdkaline  by  the  addition  of  ammonia. 

4.  Keratin  also  gives  Millon’s  reaction  when  heated 
with  excess  of  the  reagent.  This  colour  reaction  is  frequently 
not  quite  typical  in  tint. 


CHAPTER  V 


ANIMAL  AND  VEGETABLE 
FOOD  STUFFS 

ANIMAL  FOOD  STUFFS. 

Among  these,  the  most  important  are  meat,  milk,  and  eggs. 
The  detection  of  the  more  important  constituents  of  meat  is 
given  under  “Muscle”  on  p.  93,  while  milk  is  described  on 
p.  90. 


In  order  to  separate  the  white  from  the  yolk,  break  the 
shell  carefully,  tear  through  the  chalazae,  and  allow  the  mass 
of  the  white  to  flow  away  into  a vessel.  The  white  still 
adhering  to  the  yolk  may  be  removed  (as  in  quantitative 
work)  by  rolling  the  latter  carefully  in  a glass  beaker  which 
has  been  slightly  moistened  by  the  breath. 

The  main  constituents  of  egg  white  are  the  proteids, 
which  have  been  already  described  (p.  23).  The  traces  of 
reducing  carbohydrates  and  fat  are  only  of  slight  importance, 
and  methods  for  their  detection  will  not  be  described. 

Yolk  of  Egg. 

Take  the  yolks  of  about  ten  eggs  in  a large,  thick  glass 
beaker,  whip  up  thoroughly,  and  pour  into  wide -necked 
stoppered  bottle ; add  about  200  c.c.  of  ether,  and  place 
in  bottle-shaker  for  about  half  an  hour.  Pour  off  ethereal 
extract,  add  fresh  ether,  and  repeat  the  shaking.  Repeat 
the  process  until  the  ethereal  extracts  are  almost  free  from 
colour.  Now  drain  off  excess  of  ether  from  residue  by  placing 
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latter  on  stretched  muslin,  squeezing  out  as  much  ether  as 
possible.  Keep  the  collected  ethereal  extracts,  then  expose 
residue  in  thin  layer  to  atmosphere,  and  blow  current  of  air 
across  it  until  ether  has  evaporated.  Place  residue  in  similar 
wide-necked  bottle,  add  500  c.c.  of  10  per  cent.  NaCl,  and 
extract  in  bottle-shaker  for  three  to  four  hours,  or  longer. 
Leave  mixture  standing  overnight.  Extract  for  short  time 
again  in  morning,  and  then  filter. 

Pour  the  filtrate  in  portions  into  tall  cylinders  containing 
slightly  acidified  (acetic  acid)  distilled  water.  Shake  thoroughly. 

If  the  precipitate  of  vitellin  does  not  separate  out 
properly,  pass  through  C02.  The  precipitate  separates  out  in 
fine  flocculi.  When  it  has  settled,  siphon  off  the  super- 
natant fluid,  and  collect  the  precipitates  in  the  various 
cylinders.  Add  about  500  c.c.  of  water;  shake;  then  add, 
drop  by  drop,  dilute  NaOH  until  the  precipitate  dissolves. 

Vitellin. 

This  alkaline  solution  of  vitellin  may  be  given  out  to  the 
class. 

Tests. 

(«)  Do  some  of  the  colour  reactions  for  proteids,  especially 
biuret  and  Millon. 

(b)  Add,  drop  by  drop , very  dilute  acetic  acid  until 
precipitate  appears . 

(c)  Incinerate  this  precipitate  with  Na2C03  and  KN03. 
Extract  ash  with  dilute  HN03, , add  excess  of  ammonium 
molybdate , and  warm.  A yellow  precipitate  of  phospho- 
molybdate  of  ammonium  forms. 

This  shows  that  this  proteid  (which  has  been  freed  from 
lecithin  ? and  phosphates)  contains  phosphorus. 

(d)  Digest  some  of  the  precipitate  with  pepsin  HCl,  an 
indigestible  residue,  containing  a large  percentage  of  phos- 
phorus, is  left. 

To  this  the  name  of  para-  or  pseudo-nuclein  has  been 
given.  The  fluid  of  course  gives  the  reactions  for  albumoses. 
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Lecithin,  Cholesterin,  Fats,  and  Lutein. 

These  are  present  in  the  collected  ethereal  extracts. 
Distil  off  the  ether  until  a solution  of  deep  yellow  tint  is 
left.  Keep  a small  quantity  of  this  for  spectroscopic 
examination. 

Note  the  position  of  the  lands  (lutein). 

Distil  off  the  remainder  of  the  ether  from  the  rest  of  the 
extract. 

The  residue  contains  lecithin,  fat,  and  cholesterin,  but  no 
phosphates. 

Add  some  saturated  baryta  water  to  the  residue,  shake, 
boil  on  oil  or  sand  bath  for  one  hour,  with  upright  condenser ; 
saturate  with  C02,  and  filter  while  hot. 

The  filtrate  contains  glycerophosphate  of  barium  and 
cholin ; the  residue  (C),  barium  soaps  and  cholesterin. 

Evaporate  down  filtrate  to  dryness  on  water  bath.  Ex- 
tract residue  with  absolute  alcohol. 

The  alcoholic  solution  (A),  and  the  residue  (B),  after 
extraction  with  alcohol,  may  be  given  out  to  each  student  to 
test  for  the  decomposition  products  of  lecithin. 


Decomposition 

Products 

of  Lecithin  (Distearyl- 

lecithin). 
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The  cholin  is  dissolved  by  the  alcohol. 
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The  alcoholic  solution  (A). 

Precipitate  by  adding  1 0 per  cent,  platinic  chloride 
in  alcohol.  Filter , dissolve  precipitate  in  water , and  allow 
crystals  of  cholin  platinic  chloride  to  separate  out.  Examine 
microscopically,  and  sketch  the  large  orange-red  crystals. 

The  residue  (B). 

Incinerate  the  residue,  which  contains  glycerophosphate 
of  barium,  with  NafOO 3 and  KNOz,  and  test  for  phosphate 
in  the  icsual  ivay. 

The  residue  ( C ). 

This  residue,  which  contains  cholesterin  and  the  barium  salts 
of  the  fatty  acids,  may  be  examined  in  the  following  way : — 

Add  ■ water,  shake,  acidify  with  HOI,  and  pour  into 
separating  funnel.  Then  add  about  an  equal  quantity  of 
ether,  and  shake.  Run  off  the  aqueous  solution,  and  to  the 
ethereal  one  add  sufficient  NaOH  to  give  a distinct  alkaline 
reaction;  then  run  off  the  alkaline  watery  solution,  which 
may  be  tested  for  soaps.  Distil  off  the  excess  of  ether  from 
the  ethereal  extract,  and  test  for  cholesterin  (see  p.  71). 

VEGETABLE  FOOD  STUFFS. 

The  most  important  vegetable  food  stuff  with  which  we 
have  to  deal  is  flour,  especially  in  the  form  of  bread  prepara- 
tions. It  is  therefore  of  importance  to  carry  out  some  of  the 
more  distinctive  tests  suitable  for  its  detection. 

Flour. 

1.  Add  a smcdl  quantity  of  water  to  some  flour  in  a 
porcelain  basin,  and  mix  thoroughly  so  as  to  form  a dough. 
Then  place  in  a qriece  of  muslin,  and  knead  the  mass  in  a 
basin  containing  water.  The  starch  grains  pass  through  the 
muslin,  while  an  insoluble  sticky  mass,  gluten,  is  retained. 

2.  Heat  the  aqueous  extract  to  the  boiling  point,  cool,  and 
test  a portion  with  iodine. 

A blue  colour  results,  owing  to  the  formation  of  iodide  of 
starch. 
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3.  Test  another  portion  for  glucose  (Trommer  or  Fehling). 
No  reduction. 

4.  Tests  with  gluten — 

(a)  Suspend  a little  of  the  insoluble  gluten  in  water , add 
a few  drops  of  HN0S,  and  heat.  The  insoluble  mass  becomes 
yellow.  Cool,  and  render  the  fluid  alkaline  with  ammonia. 
The  colour  deepens  to  an  orange. 

(b)  Suspend  a small  quantity  in  Milloris  reagent,  and 
heat. 

The  mass  acquires  a reddish  tint. 

Bread. 

Heat  some  bread  crumb  with  water,  and  filter. 

1.  Test  the  filtrate  for  starch  by  the  iodine  reaction,  and 
for  glucose  by  Trommer  or  Fehling. 

Reactions  are  positive. 

2.  Perform  the  xanthoproteic  and  Milton’s  reactions  with 
the  residue,  in  the  same  way  as  for  gluten. 

Results  are  positive. 
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erythro-dextrin  and  maltose  are  formed ; and  from  erythro- 
dextrin,  achroo-dextrin  and  maltose.  After  prolonged  action, 
almost  all  is  in  the  form  of  maltose  or,  what  used  to  be 
regarded  as  an  allied  disaccharide,  isomaltose.  In  order  that 
the  action  may  be  a marked  one,  the  reaction  of  the  mixture 
should  be  neutral  or  slightly  acid,  and  the  temperature  about 
40°  C.  The  reaction  depends  upon  the  presence  of  the 
enzyme,  ptyalin. 

Tests. 

With  a glass  rod  put  a series  of  drops  of  iodine  solution 
{in  KI)  on  a porcelain  slab. 

Preparation  of  the  Starch  Mucilage. 

Take  about  5 grms.  of  finely  powdered  starch  in  a mortar , 
add  a small  guantity  of  water,  sufficient  to  make  a thick  paste 
on  admixture.  Then  gradually  add  this  paste  to  half  a litre 
of  boiling  water , stirring  constantly.  The  flask  must  be 
frequently  shaken  to  prevent  the  starch  settling  at  the  bottom 
of  the  flask.  Small  quantities  are  to  be  given  to  each  student. 

(a)  In  the  first  place,  apply  a drop  of  the  starch  mucilage 
to  one  of  the  iodine  drops  = blue  iodide  of  starch. 

(b)  Take  some  starch  mucilage  in  test-tube  and  add  about 
quarter  the  amount  of  saliva  to  it.  Put  glass  rod  in  test-tube. 
Place  tube  in  water  bath  at  40°  C.  for  a few  seconds,  then 
take  out  drop  of  mixture  on  glass  rod,  and  apply  it  to  one  of 
the  iodine  drops.  Probably  reddish-violet  colour  of  iodide  of 
erythro-dextrin  will  appear,  most  likely  along  with  some  blue 
iodide  of  starch.  The  solution  will  also  be  less  opaque,  owing 
to  formation  of  amidulin  before  the  later  products  make  their 
appearance.  At  frequent  intervals  take  out  drops  from  test- 
tube  in  water  bath,  and  test  with  iodine.  Erythro-dextrin 
will  disappear,  as  shown  by  the  absence  of  the  reddish-violet 
tint,  archroo-dextrin,  the  next  body  to  appear,  giving  no 
coloured  compound  with  iodine  {the  achromic  point). 

(c)  After  tube  has  remained  in  water  bath  about  five  to 
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ten  minutes , take  it  out,  make  mixture  alkaline  with  KOH, 
add  Fehlinfs  solution,  and  boil ; red  flakes  of  Cu20  separate 
out  if  maltose  has  formed. 

(d)  Test  effect  of  addition  of  dilute  acetic  acid  and  hydro- 
chloric acid  solutions  on  action  of  saliva. 

Carry  out  tests  as  described  under  (b),  only  to  one  test 
tube  add  a few  drops  of  ’25  per  cent.  HC1,  to  another  a few 
drops  of  ‘5  per  cent,  acetic  acid.  Note  whether  action  of 
ptyalin  is  increased  or  diminished  (hastened  or  delayed). 

(e)  Boil  saliva  and  then  test  its  action  on  starch — nil — 
oioing  to  destruction  of  the  ferment. 


CHAPTER  VII 


GASTRIC  JUICE  AND  PRODUCTS  OF 

DIGESTION 

GASTRIC  CONTENTS. 

There  are  three  classes  of  constituents  which  require  to  be 
recognised — the  acids,  the  ferments,  and  the  products  of 
their  combined  action. 


I.  THE  ACIDS. 

The  two  which  are  most  commonly  met  with  are,  hydro- 
chloric and  lactic.  The  tests  which  are  employed  for  their 
detection  are  mainly  colour  ones,  and,  as  the  character  of  the 
reaction  is  much  influenced  by  the  presence  of  digestion  pro- 
ducts, it  is  advisable  to  adopt  the  following  plan  or  one 
somewhat  similar. 

Take  six  test-tubes  and  label  them  alphabetically.  Place 
them  in  line  in  a test-tube  stand  ivith  a sheet  of  white 
paper  behind. 

The  different  colour  indicators  may  be  tested  in  the 
following  way : — 

i.  Methyl- violet. 

(a)  Into  the  first  test-tube  put  H Cl  of  the  strength  that  occurs 
in  the  gastric  juice  ( say  8 c.c.  cone.  HCl  to  1 litre  of  water). 

(b)  Into  the  second,  a similar  quantity  of  lucah  lactic 
acid  ( say  8 c.c.  to  litre  of  ivater). 

(c)  In  the  third,  equal  quantities  of  ( a ) and  (b).  It  is 
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advisable  in  this  case  to  try  also  the  influence  of  a smaller 
quantity  of  lactic  acid  along  with  the  HCl. 

(d)  In  the  fourth,  equal  quantities  of  {a)  and  a weak 
albumosc  solution  (e.g.,  2 per  cent.  Witte  s peptone  in  5 per 
cent,  salt  solution). 

(e)  In  the  fifth , ( b ) and  the  same  quantity  of  the  weak 
albumose  solution. 

(/)  In  the  sixth,  equal  quantities  of  (a),  (b),  and  the 
dilute  albumosc  solution. 

Now  into  each  put  a drop  or  two  of  *1  per  cent,  methyl - 
violet,  and  mix. 

Note  down  on  opposite  page  the  colour  change  in  each  tube. 

2.  Tropaeolin  00  (’05  to  ’1  per  cent.). 

Repeat  the  experiment,  substituting  tropceolin  for  methyl- 
violet,  and  again  note  colour  change  in  each  case. 

3.  Congo-red. 

Papers  soaked  in  this  stain  may  be  used. 

Simply  dip  a slip  of  the  paper  into  each  of  the  six  test- 
tubes,  and  note  the  result. 

This  may  be  done  before  adding  either  of  the  colour 
indicators  just  mentioned. 

4.  Giinzburg’s  reagent.1 

This  reaction  is  best  shown  when  process  is  carried  out 
as  follows : 

Take  about  ten  drops  of  fluid  (a),  add  two  or  three  drops 
of  the  freshly  prepared  reagent , and  carefidly  evaporate  to 
dryness  over  a small  open  flame,  blowing  upon  the  mixture 
and  oscillating  the  dish  slightly  so  as  to  prevent  charring. 

Note  the  change  in  colour  in  the  residue,  especially  in 
the  parts  just  drying. 

Repeat  this  reaction  with  (a),  (b),  and  (d)  at  least. 

1 Phloroglucin,  2 grms.  ; vanillin,  1 grm.  ; absolute  alcohol,  30  gnus. 
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Note  down  the  results  in  each  case. 

The  next  two  reactions  are  mainly  employed  for  the  de- 
tection of  LACTIC  ACID. 

5.  Uffelmann’s  reagent.1 

Add  five  or  ten  drops  of  this  reagent  to  each  of  the  six 
tubes  containing  the  various  acid  mixtures , and  mix. 

Note  the  decolorisation  with  solutions  containing  HC1, 
and  the  yellow  tint  with  those  containing  lactic  acid.  Observe 
carefully  how  the  presence  of  the  one  interferes  with  the  action 
of  the  other. 

6.  Dilute  ferric  chloride. 

The  colour  produced  when  lactic  acid  solution  is  acted 
upon  by  Uffelmann’s  reagent  is  due  to  the  ferric  lactate 
formed.  This  is  seen  in  the  following  test : — 

To  each  of  the  six  test-tubes  add  ten  or  so  drops  of  a 
dilute  ferric  chloride  solution  ( practically  colourless). 

Note  down  the  changes  in  colour. 

Before  proceeding  to  methods  of  separation  of  the  acids, 
it  is  advisable  to  collect  the  results  obtained  with  all  the 
colour  indicators,  and  arrange  them  in  order  of  delicacy. 
Students  are  also  strongly  recommended  to  observe  carefully 
the  changes  in  colour,  and  note  them  down ; hence  it  is  better 
that,  in  most  cases,  they  should  state  the  colour  changes  with- 
out being  told  what  to  look  for. 

Separation  of  the  Acids  from  one  Another. 

This  is  especially  desirable  when  the  acids  require  to  be 
detected  in  a mixture  of  gastric  contents.  They  may  be 
separated  in  either  of  two  ways. 

(a)  Take  equal  quantities  of  the  weak  hydrochloric  and, 
lactic  acid  solutions  in  a test-tube  ( better  in  a separating  f unnel , 
using  larger  quantities),  add  rather  more  than  an  equal 
quantity  of  ether,  and  shake  thoroughly.  Repeat  this  with 

1 To  100  c.c.  of  2 per  cent,  carbolic  acid  add  ten  drops  of  dilute  ferric 
chloride  solution. 
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fresh  quantities  of  ether  two  or  three  times , pouring  off 
ethereal  solution  each  time  into  another  test-tube , and  place 
this  in  hot  water  bath  until  ether  has  evaporated  ( with  larger 
quantities , distil).  Dissolve  residue  in  water , and  test  with 

ferric  chloride  or  Uffclmanns  reagent. 

Also  test  the  deeper  lying  aqueous  extract  for  HCl  in  the 
usual  way. 

The  ether  dissolves  the  lactic,  leaving  the  hydrochloric 
acid  in  the  aqueous  solution. 

(b)  In  many  cases  it  is  preferable  to  drive  off  the 
water  from  the  mixture  of  gastric  contents,  and  extract  the 
residue  with  ether  thoroughly  in  Soxhlet  apparatus,  the 
ethereal  extract  being  treated  in  the  usual  way  by  distilling 
off  the  ether  and  testing  the  residue. 


II.  THE  FERMENTS. 

They  are  two  in  number,  pepsin  and  rennin,  the  former 
acting  best  in  acid,  the  latter  in  neutral  solution. 

i.  Pepsin. 

May  be  prepared  from  the  fundus  mucosa  of  the  pig’s 
stomach,  or  a commercial  preparation  may  be  employed 
either  in  powder  form  or  in  fluid  (liquor  pepticus). 

If  the  former,  the  mucosa  should,  in  the  first  place,  be 
washed  with  warm  (37°)  normal  saline,  then  separated,  and 
the  minced  mucosa  extracted  in  bottle-shaker  with  *25  per 
cent.  HCl  (8  c.c.  HCl  to  litre)  for  twenty-four  hours.  The 
mixture  is  first  run  through  muslin  and  finally  through  folded 
filter  paper.  It  is  often  advisable,  instead  of  using  this  filtrate 
as  the  digesting  fluid,  to  precipitate  with  alcohol  and  dissolve 
the  precipitate  in  ’25  per  cent.  HCl. 

If  a commercial  powder  be  employed,  it  is  advisable  to 
wash  the  preparation  with  water  (should  it  be  insoluble  in 
water),  and  then  finally  digest  it  with  *25  per  cent.  HCl  at 
room  temperature  for  a few  hours,  before  using  it  as  a digesting 
fluid.  The  extraction  is  hastened  by  using  a bottle-shaker. 
About  1 grm.  pepsin  should  be  taken  for  each  litre  of  dilute  acid. 
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Very  often  also  a glycerine  extract  of  the  mincecl  mucosa 
is  employed,  this  being  added  to  the  necessary  amount  of 
'25  per  cent.  HC1  solution. 

A HG1  extract  of  the  scrapings  obtained  from  the  fundus 
mucosa  of  the  calf  is  very  suitable  for  demonstrating  both  the 
action  of  pepsin  and  rennin. 

The  activity  of  these  extracts  may  be  tested  in  different 
ways.  Usually  either  fibrin  or  coagulated  egg  white  (in 
capillary  tubes  or,  better,  as  fine  shavings  of  coagulated 
ovalbumin)  is  taken. 

If  fibrin  be  employed  (and  it  is  much  the  best  for  class 
purposes),  it  should  in  the  first  place  be  thoroughly  freed 
from  blood  pigment,  etc.,  by  washing,  then  put  into  a basin 
of  slightly  acidulated  boiling  water  for  a minute  or  two, 
cooled,  and  the  water  squeezed  out.  It  may  be  preserved  for 
further  experiments  in  chloroform  water  or  glycerin.  It  is 
not  necessary  to  use  fibrin  stained  with  neutral  carmine. 

Method  of  Testing  Ferment  Activity. 

The  experiments  should  be  performed  in  such  a way  as 
to  aid  one  in  arriving  at  a definite  knowledge  as  to  the  role 
of  the  acid  in  different  strengths,  the  influence  of  variations  in 
temperature,  of  accumulation  of  digested  products,  etc.  Such 
experiments  are,  however*  difficult  to  carry  out  properly  in  a 
class,  and  so  the  following  plan  may  be  adopted : — 

Take  four  labelled  test-tubes,  into  each  place  a strand  of 
washed  fibrin.  To  one  add  a neutral  extract  of  pepsin,  to 
another  *25  per  cent.  HCl,  to  another  *25  HCl  and  pepsin 
solution,  and  to  another  pepsin-HCl  that  has  been  boiled. 
Keep  all  at  a temperature  of  3 7°. 

The  digestion  can  be  carried  out  in  a water  bath,  kept  at 
such  a temperature  that  the  temperature  of  the  fluid  in  the 
tubes  is  about  37°.  The  tubes  may  be  kept  in  position  by 
placing  them  in  tin  pannikins  which  have  a wire  cover,  with 
suitable  openings  for  the  tubes.  These  pannikins  may  supply 
the  place  of  water  baths,  care  being  taken  to  employ  a small 
flame.  The  temperature  may  be  tested  with  the  finger. 

It  is  best  at  the  outset  to  have  a pannikin  on  each  bench 
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with  water  at  the  proper  temperature,  so  that  the  students 
may  observe  what  is  required. 

The  tubes  must  be  shaken  every  few  minutes,  and  any 
changes  taking  place  in  the  fluid  noted  down.  When  solution 
of  the  fibrin  in  any  of  the  tubes  has  occurred,  the  contents 
should  be  examined  for  the  products  of  digestion  in  the  way 
to  be  described. 

If  time  permits,  a comparison  series  of  tubes  with 
coagulated  egg  white  should  be  examined ; but  perhaps  it  is 
better  to  simply  show  in  a similar  series  of  tubes  how  much 
slower  digestion  goes  on  in  these,  than  in  the  former  series. 

These  experiments  should  permit  conclusions  being  drawn 
as  to  action  of  pepsin  in  neutral  and  acid  solution,  and  also 
should  show  the  inactivity  of  pepsin  after  boiling.  The  very 
slow  solvent  power  of  weak  HC1  will  also  be  shown. 

Tabulate  the  results  with  regard  to  the  time  of  commence- 
ment and  the  nature  of  the  solvent  process  in  each  case. 

As  the  quantities  of  the  digestion  products  are  so  small 
in  these  test-tubes,  owing  partly  to  the  small  amounts  of 
fibrin  and  also  to  the  comparatively  short  time  at  the  disposal 
of  the  student,  it  is  advisable  to  carry  out  the  examination  of 
the  products  in  digested  mixtures,  previously  prepared ; but  the 
fluids  in  the  tubes  may  be  examined  in  the  same  way,  and 
the  results  noted  down  (for  method,  sec  “ III.  Products  of 
Peptic  Digestion  ”). 

2.  Rennin. 

Neutralise  with  weak  Na2C03  the  acid  extract  of  the 
calf’s  gastric  mucosa,  and  test  its  activity  in  the  following 
way.  A solution  of  rennet  or  rennin  powder  may  also  be 
employed,  as  these  usually  are  very  active  preparations. 

Take  four  test-tubes,  ancl  into  each  pour  some  milk. 
Place  in  water  bath  at  40°  for  a minute  or  two,  then — 

(a)  To  one,  add  a few  drops  of  a neutral  rennin  prer- 
paration. 

(b)  To  another,  about  five  drops  of  * 2 per  cent,  potassium 
oxalate ; shake,  and  then  add  a few  drops  of  the  rennin 
extract. 
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(c)  To  another , add  the  same  quantity  of  oxalate  ; but , in 
addition,  one  or  two  drops  of  1 per  cent.  CaCl2  and  a few 
drops  of  the  extract. 

{d)  To  another,  add  a few  drops  of  a portion  of  the 
rennin  extract  that  has  been  previously  heated  to  boiling  point 
( better  boil  for  about  one  minute). 

The  results  obtained  from  this  series  will  show — 

(a)  Action  of  rennin  on  ordinary  milk. 

(b)  Action  of  rennin  when  the  soluble  lime  salts  are  pre- 
cipitated in  insoluble  form. 

(c)  The  influence  of  the  addition  of  a small  excess  of 
soluble  lime  salt  to  oxalate  milk. 

(d)  The  effect  of  boiling  upon  the  activity. 

Note  the  results  in  each  case. 

The  following  may  be  shown,  in  order  to  emphasise  the 
difference  between  coagulation  by  rennin  and  coagulation  by 
the  fibrin  ferment : — 

Dissolve  some  freshly  precipitated  caseinogen  in  very  weak 
alkaline  solution.  The  solution  should  react  neutral.  Test  to 
see  whether  it  be  free  from  soluble  lime  salts;  if  so,  add 
to  some  of  this  solution , in  a test-tube,  a small  quantity  of 
the  rennin  solution  which  has  also  been  rendered  free  from 
soluble  lime  salts.  Shake  gently,  and  allow  mixture  to  stand 
in  water  bath  at  37°  for  about  five  minutes.  No  coagulation 
ought  to  occur.  Noio,  bring  the  solution  to  boiling  point,  to 
destroy  the  enzyme,  and  then,  after  cooling  slightly,  add  a few 
drops  of  CaCl2,  when  the  separation  of  an  insoluble  clot  ought 
to  take  place. 

That  is  to  say,  although  the  enzyme  rennin  is  not  able 
in  Ca-free  solutions  to  separate  out  from  milk  an  insoluble 
clot,  it  is  able,  under  these  conditions,  so  to  alter  the 
caseinogen  that  even  after  the  enzyme  has  been  destroyed 
by  boiling,  the  mere  addition  of  a soluble  lime  salt  causes  the 
coagulation  to  take  place. 


PEPTIC  PRODUCTS 


5i 


III.  PRODUCTS  OF  PEPTIC  DIGESTION. 

As  previously  mentioned,  the  contents  of  the  tubes  used 
in  the  earlier  digestion  experiments  may  be  employed  for  this 
separation  ; but  it  is  better  to  use  the  following : — 

1.  A 10  per  cent,  solution  of  Witte’s  peptone  in  5 per 
cent.  NaCl  solution. 

2.  A peptic  digest  of  three  hours’  duration. 

3.  A peptic  digest  of  twenty-four  to  forty-eight  hours’ 
duration. 

In  both  of  the  last-mentioned  cases  fibrin  should  be  used. 

Method  of  Detection  and  Separation. 

It  is  advisable  to  work  with  fairly  large  quantities , say  25  to 
50  c.c.  Therefore  take , in  a small  flask,  about  this  quantity 
of  the  digested  fluid  (obtained  by  filtering  off  the  undissolved 
material),  add  a few  drops  of  litmus  solution,  and  then,  drop 
by  drop,  very  dilute  NaOR  until  reaction  is  almost  neutral, 
but  still  remains  slightly  acid  {note,  in  fact,  when  maximal 
precipitation  occurs).  Filter  off  any  precipitate  = acid 
albumin  ( this  may  be  dissolved  in  weak  alkali,  and  examined , 
as  described  on  pp.  31,  32).  Bring  the  neutral  filtrate  almost 
to  boiling  point,  then  acidify  slightly  with  acetic  acid  ; boil  and 
remove  any  precipitate  of  coagulable  proteid  by  filtration. 
Now,  measure  volume  of  filtrate,  and  add  an  equal  quantity 
of  neutral  saturated  ammonium  sidphate  solution,  shake 
thoroughly,  and  filter..  The  precipitate  is  one  of  primary 
albumoses  (proto-  and  hetero-albumose  1).  The  filtrate  may 
contain  secondary  albumoses  and  peptone.  The  precipitate  {a) 
and  the  filtrate  (b)  are  to  be  treated  separately.  Wash  the 
precipitate  {a)  with  half -sat.  {NH^)2SO±,  and  then  dissolve  it 
in  as  little  water  as  possible.  The  methods  employed  for 
separation  of  these  primary  albumoses  will  be  given  after- 
wards. 

The  filtrate  iff)  is  treated  in  the  folloiving  way  : — Powder 
some  {NH^SO^  in  a mortar  {rather  more  than  requisite  to 

1 Another  primary  albumose  is  sometimes  referred  to,  namely,  dysalbumose. 
It  is,  however,  only  an  insoluble  modification  of  hetero-albumose. 
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completely  saturate  the  filtrate),  warm  the  filtrate  to  about  60°, 
and  pour  it  upon  the  powdered  (NHf)2BO^.  Acidify  with 
dilute  H2SO±  that  has  been  saturated  with  (NHfi2SO±,  mix 
up  thoroughly,  and  filter.  The  precipitate  so  obtained  is  one 
of  secondary  albumoses  (deutero-albumoses),  and  is,  in  the 
case  of  peptic  digestion,  small  in  amount. 

The  filtrate  may  contain  pure  peptone  { usually  only  a 
very  small  quantity,  unless  in  the  case  of  prolonged  digestion). 
Dissolve  the  precipitate  of  secondary  albumoses  in  water , and 
test  as  described  on  p.  33. 

Evaporate  the  filtrate  containing  peptone  (?)  to  about  one- 
quarter  of  its  volume,  cool,  and  remove  the  (NH^SO^  that 
separates  out.  The  remainder  of  the  (NHf2SO±  may  be 
removed  by  adding  a saturated  solution  of  Ba(OH)2  until 
all  the  sulphate  is  precipitated  as  BaSO±.  Filter. 

The  presence  of  peptone  in  the  filtrate,  if  all  the 
(NHffSO±  has  not  been  removed,  may  be  shoivn  by  adding 
a larger  quantity  of  KOH  than  is  required  to  set  free  all 
the  NHZ  from  the  ammonium , salt,  ivarming  (to  drive  off  the 
ammonia),  and  then  adding  a drop  or  two  of  very  dilute 
CuSO±.  A pink  reaction,  which  may  be  masked  somewhat 
by  the  ammonium  cupric  hydrate,  signifies  the  presence  of 
true  peptone.  It  is  absolutely  essential  to  add  a large  excess 
of  KOH  if  there  be  much  (NHfi2SO±  present. 

Methods  of  separating  Primary  Albumoses  from  one 

ANOTHER. 

(a)  To  about  3 c.c.  of  the  solution  of  primary  albumoses 
add  an  equal  quantity  of  methylated  spirit.  Hetero-albumose 
is  precipitated,  while  proto-albumose  is  not,  the  latter  being 
very  soluble  in  all  alcohols  up  to  about  80  per  cent.;  the 
former,  on  the  other  hand,  being  precipitated  even  by  32  per 
cent,  alcohol. 

(b)  The  ordinary  method  that  is  employed  is  more  tedious. 
It  depends  upon  the  fact  that  proto-albumose  is  soluble  in 
distilled  water,  while  hetero-albumose  is  not. 

Fill  a sausage  tube  (Kuhnc’s)  with  some  of  the  primary 
albumose  solution.  Pass  a glass  tube  through  the  ends,  and 
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dip  the  loop  into  a vessel  containing  water.  Circulate  water 
around  the  loop  by  connecting  water  tap  with  rubber  tubing 
which  dips  into  glass  vessel.  After  some  hours , pour  out  a 
little  of  the  mixture , and  sec  if  there  be  suspended  material. 
If  not , circulate  water  for  some  time  longer , then  slit  open 
tube , collecting  the  fluid , and  see  if  there  be  any  albumose 
adhering  to  the  paper.  This  precipitate  = hetero-albumose. 
The  filtrate  may  contain  proto -albumose , which  ivill  give  the 
ordinary  albumose  reactions. 

The  hetero-albumose  may  be  dissolved  in  weak  salt 
solution  and  tested  with  the  usual  albumose  reagents. 

Instead  of  separating  the  primary  albumoses  by  half 
saturation  with  (NH4)2S04,  one  may  adopt  the  usual  method 
that  is  described,  namely,  complete  saturation  with  NaCl  in  a 
solution  slightly  acidified  with  acetic  acid.  By  this  method, 
however,  some  of  the  secondary  albumoses  are  precipitated, 
while,  if  the  NaCl  solution  be  neutral,  the  proto-albumose  is 
not  completely  separated.  For  these  reasons,  this  method 
is  not  so  satisfactory  as  the  one  which  is  described  above. 

If  the  solution  containing  true  peptone  be  freed  from 
(NH4)2S04  completely,  then,  by  evaporating  the  fluid  down  to 
small  bulk,  the  peptone  may  be  precipitated  by  absolute 
alcohol,  and  should  then,  after  careful  washing  with  alcohol, 
be  preserved  in  an  air-tight  bottle. 

State  in  tabular  form  the  results  of  your  examination. 
It  is  very  advisable  to  carry  out  the  complete  method  just 
described,  in  the  case  of  mixtures  obtained  after  varying 
periods  of  digestion ; for  example,  the  three  referred  to 
on  p.  51. 

It  is  very  instructive  also  to  study  the  products  derivable 
from  peptic  digestion  of  milk  that  has  been  clotted  with 
rennin.  The  undissolved  residue,  the  so-called  pseudo-  or 
para-nuclein,  may  be  incinerated  and  tested  for  phosphorus,  as 
described  on  p.  3. 

The  products  (other  than  proteid  ones)  derivable  from 
peptic  digestion  are  described  in  Part  II. 

Some  of  the  most  instructive  reactions  given  by  these 
digestion  products  depend  upon  the  presence  of  particular 
groups,  e.g.,  the  primary  albumoses  do  not  give  the  furfurol 
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reaction,  while  the  secondary  do,1  and  both  the  primary  and 
secondary  (at  least  the  mixture  of  the  latter)  give  the  sulphur 
tests,  while  peptone  does  not. 

This  method  of  differentiating  these  products  has  been 
carried  out  to  a large  extent  within  recent  years. 

1 Hopkins  and  Cole  ( Proc . Royal  Society,  lxviii.  p.  32)  have  thrown  doubt 
upon  this  statement  made  by  Pick  (Zeit.  f.  physiol.  Chem.,  xxviii.  p.  219), 


. 


CHAPTER  VIII 


PANCREATIC  DIGESTION 

In  the  pancreatic  juice  four  enzymes  may  be  found — a proteo- 
lytic one,  trypsin;  an  amylolytic  one,  amylopsin;  a fat-splitting, 
stcapsin  ; and  a milk-curdling,  rennin.  It  is  often  difficult  to 
say  whether  the  last-mentioned  is  present  or  not,  as,  in  active 
proteolytic  extracts,  the  trypsin  may  mask  the  curdling, 
owing  to  the  solution  of  the  clot. 

Digestion  experiments  may  be  performed  with  the  pure 
pancreatic  juice  after  its  zymogens  have  been  transformed 
into  active  enzymes  by  action  of  the  succus  entericus  (entero- 
kinase)  or  by  addition  of  active  tryptic  extract.  As  a rule, 
however,  extracts  of  the  pancreas  are  made,  and  from  these 
more  or  less  pure  ferment  preparations  may  be  separated. 
Very  frequently,  commercial  preparations,  such  as  the  liquor 
pancreaticus  (Benger),  or  pancreaticum  siccum,  are  employed, 
but  a very  active  extract  may  be  obtained  in  the  following 
way  : — 

Take  a fresh  pig’s  pancreas,  from  which  as  much  of  the 
fat  has  been  removed  as  possible,  mince  up  finely,  leave 
exposed  in  a thin  layer  for  two  to  six  hours.  Then  add,  for 
every  gramme  of  tissue,  about  4 c.c.  of  50  per  cent,  glycerine, 
very  slightly  acidified  with  acetic  acid.  Shake  up  thoroughly 
in  bottle-shaker  for  three  or  four  hours,  and  allow  mixture  to 
stand  twenty-four  hours,  or  longer.  Then  centrifugalise,  pour 
off  fluid,  and  filter  if  necessary. 

Before  using  this  extract,  dilute  it  with  an  equal  quantity 
of  water.  It  may  be  employed  for  experiments  on  the  proteo- 
lytic, diastatic,  and  rennetic  properties  of  the  pancreatic  juice. 

Other  extracts — weak  alcoholic,  saline,  aqueous  (with 
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chloroform  or  toluol  added) — are  often  employed.  A most 
active  proteolytic  extract  may  be  obtained  by  extracting 
the  minced  gland  for  twenty-four  hours  with  water  rendered 
slightly  alkaline  with  ammonia,  filtering  and  precipitating  the 
nucleo-proteid  with  dilute  acetic  acid.  This  precipitate  may 
be  dissolved  in  *2  to  *8  per  cent.  Na2C03,  and  forms  a most 
suitable  digesting  fluid. 


A.  TRYPSIN. 

I.  METHOD  OF  TESTING  PROTEOLYTIC  ACTIVITY. 

It  is  absolutely  necessary,  when  dealing  with  pancreatic 
preparations,  to  test  their  activity  beforehand.  Thus,  with 
glycerine  extracts,  the  activity  will  largely  depend  upon  the 
duration  of  extraction.  If  a dilute  glycerine  be  used,  then 
the  extract  is  suitable  for  digestion  experiments  much  sooner 
than  if  a stronger  glycerine  be  employed.  The  activity  seems 
often  largely  to  depend  upon  the  condition  of  the  gland  before 
extraction,  as  to  whether  it  has  been  exposed  to  air  or  not. 

The  addition  of  a saline  extract  of  the  duodenal  mucosa 
may  increase  the  ferment  activity,  the  enterokinase  setting 
free  active  enzyme  from  inactive  zymogen. 

Fibrin  is,  on  the  whole,  the  best  proteid  for  digestion 
experiments  in  a class. 

The  fresh  fibrin  should  be  passed  through  boiling  water 
before  subjecting  it  to  digestion. 

Sufficient  fibrin  for  the  class  should  be  digested  for  about 
an  hour  with  *5  per  cent.  Na2C03  in  the  incubator. 

The  experiments  should  be  of  such  a nature  as  to  demon- 
strate the  influence  of  reaction  and  temperature  upon  the 
digestive  activity^  of  the  ferment. 

Take  four  test-tubes , and  into  two  of  these  pour  a similar 
quantity  of  *2  to  ‘5  per  cent.  Ha2C03,  to  which  five  to  ten 
drops  of  the  active  extract  have  been  added.  Heat  one  to 
boiling  point.  Into  a third  test-tube  pour  the  Na2C03  solu- 
tion, without  addition  of  extract ; and  into  the  fourth,  a weak 
HCl  solution  (-2  per  cent.)  and  a few  drops  of  the  extract. 

Into  each,  place  approximately  the  same  quantity  of  fibrin 
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(small  amount ),  treated  as  above  described,  and  place  the  four 
tubes  in  water  kept  at  38°.  Every  five  or  ten  minutes  shake  the 
tubes,  so  as  to  mix  the  digestive  products  and.  permit  of  more 
favourable  digesting  conditions. 

The  tubes  should  be  left  in  the  water  bath  at  least  two 
hours,  the  changes  in  the  fibrin  at  fixed  periods  being  noted 
down ; and,  finally,  the  separation  of  the  products  should  be 
carried  out  as  described  afterwards  for  larger  quantities.  The 
plan  adopted  is  practically  the  same  as  for  separation  of 
peptic  products,  and  may  shortly  be  given,  certain  precautions, 
etc.,  being  omitted,  as  they  are  referred  to  later  on. 

The  contents  of  each  tube  are  to  be  treated  in  the  same  way. 

(a)  Filter  contents  of  tube,  add  litmus,  neutralise  with  very 
dilute  acetic  acid;  if  precipitate  {rarely  occurs)  — alkali  albumin. 

(b)  Filter,  boil ; if  coagidum  = unaltered  coagulable 
proteid. 

(c)  Filter,  saturate  with  {NHfi^SO^,  acidify  with  dilute 
H^SO^  {saturated  with  {NHfi?SO±fi  thoroughly  mix ; pre- 
cipitate — secondary  albumoses. 

{N.B. — There  are  no  primary  albumoses,  or  only  traces.) 

{d)  Filter,  add  excess  of  KOH  and  a drop  of  dilute 
CiiSO± ; if  pink  = peptone. 


II.  SEPARATION  OF  PRODUCTS  OF  TRYPTIC  DIGESTION. 

Place  two  handfuls  of  freshly  washed  fibrin  in  a 2 -litre 
flask,  add  about  1 litre  of  *5  per  cent.  Na2C03,  and  5 c.c. 
toluol,  leave  in  incubator  at  37°  about  two  hours,  then  add 
about  5 grms.  of  minced  pancreas  that  has  been  exposed  to  the 
air  for  about  twelve  hours.  Before  adding  the  pancreas  to  the 
alkaline  solution,  it  is  advisable  to  treat  it  in  the  following 
way : — Mix  up  with  absolute  alcohol  in  mortar,  then  replace 
alcohol  by  ether.  The  ether  is  then  squeezed  out,  and  the  mass 
spread  in  thin  layer  on  filter  paper  to  remove  traces  of  ether. 

Shake  the  flask  every  hour  or  so,  and,  after  about  six  hours, 
filter  off  a portion  for  examination  (Portion  A).  Replace 
flask  in  incubator  and  leave  for  three  days.  Small  quantities 
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of  fresh  pancreas  powder  (or  other  preparation)  should  be 
added  each  day,  as  a large  proportion  of  the  ferment  is 
destroyed  by  the  alkali.  Filter,  and  divide  the  fluid  into  two 
portions  (B  and  C),  one  (B)  to  be  employed  for  examination 
of  digestion  products  of  proteid  nature,  the  other  (C)  for  leucin 
and  tyrosin. 

Portions  A and  B are  to  be  treated  in  the  same  way,  and 
results  noted  down.  About  25  to  50  c.c.  in  a flask  are  given 
to  each  student. 

(a)  Add  a few  drops  of  litmus  to  the  solutions,  then 
neutralise  with  dilute  acetic  acid  (or  rather  add  dilute  acetic 
acid  very  carefidly  until  neutral  point  reached,  then  add  a 
trace  more,  noting  when  maximal  precipitation  occurs) ; any 

- precipitate  = alkali  albumin. 

(b)  Filter,  bring  filtrate  to  boiling  point,  acidify  slightly 
with  dilute  acetic  acid,  precipitate  = coagulable  proteid. 

(c)  Filter,  pour  a small  quantity  of  each  filtrate  into  test 
tube,  and  add  a few  drops  of  bromine  water.  Violet  colour 
signifies  presence  of  tryptophan. 

(d)  Add  an  equal  quantity  of  saturated  ammonium 
sidphate  to  the  rest  of  the  filtrate.  If  any  precipitate  (?) 
= primary  albumoses. 

(e)  Filter,  if  necessary.  Warm  filtrate  to  about  50 0 to 
60°,  and  pour  it  upon  poiudered  (NHfi2SO±,  sufficient  to 
saturate  the  solidion.  Shake  thoroughly,  acidify  with  dilide 
H2SO±  (saturated  with  (NHfi2SOf) ; precipitate  = secondary 
albumoses  (deutero-albumose). 

(/)  Filter,  evaporate  down  to  about  one- quarter  of  its 
hulk.  Cool,  filter  off  excess  of  (NHf)2SO±,  and  test  filtrate 
(either  directly  or  after  removal  of  the  rest  of  the  (NHf)ffO± 
by  Ba(OH) 2)  by  Piotrowski' s test  (the  usual  precaution  being 
taken  of  adding  a large  excess  of  KOH  before  adding  the 
drop  of  dilute  CuSO^,  see  p.  52). 

If  pink  colour  reaction,  peptone  is  present.  Tabulate  the 
results  obtained  by  the  examination  of  the  two  fluids  (six  and 
seventy-two  hours’  digestion). 
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Portion  C (for  Leucin  and  Tyrosin). 

Evaporate  down  the  fluid  (if  necessary  freed  from  auy 
coagulable  or  alkali  albumin)  until  it  just  begins  to  become 
syrupy.  Leave  overnight  in  a cool  place  and  examine  the 
crystals  microscopically.  The  first  crop  is,  as  a rule,  mainly 
composed  of  tyrosin,  especially  if  the  solution  be  not  very 
concentrated. 

Pour  off  the  fluid,  running  it  through  fine  muslin,  and 
evaporate  filtrate  down  to  thick  syrup.  Leave  overnight. 
The  second  crop  of  crystals,  which  forms  a skin  on  the  surface 
of  the  thick  syrup,  is  mainly  composed  of  leucin,  or  contains  a 
larger  quantity  of  leucin  than  the  first  crop.  Examine 
crystals  microscopically,  and  sketch  both  forms.  The  fluid 
from  which  the  crystals  have  separated  should  be  examined 
for  peptone. 

(For  the  method  of  separation  of  leucin  from  tyrosin,  and 
their  preparation  in  the  pure  form,  see  Part  II.) 

Tyrosin  (p.  oxyphenyl  <z-aminopropionic  acid). 


1.  Examine  the  crystals  and  sketch  them.  Warm  the 
slide  slightly.  They  do  not  melt  at  a temperature  when 
crystals  of  somewhat  similar  appearance  ( fatty  acids  and 
fats)  do. 

2.  Add  some  of  the  crystals  to  a little  water  in  a test- 
tube.  Then  add  a few  drops  of  Miltons  reagent , and  heat. 
Fluid  becomes  red  in  colour , and  a reddish-brown  precipitate 
appears  later  (see  p.  24). 

3.  Piria’s  Test. — Take  a small  quantity  in  a dry  test- 
tube  ; pour  over  it  a small  quantity  of  pure  cone.  H2SO±. 
Shake.  Keep  immersed  in  water  bath  for  half  an  hour. 
Cool.  Empty  into  a beaker  containing  five  times  its  quantity 
of  distilled  water ; add  dry  BaCO 3 until  neutral  reaction, 
stirring  constantly.  Filter,  evaporate  filtrate  down  to  small 
bulk,  and  add  very  carefully  a drop  of  dilute  ferric  chloride  ; 
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solution  becomes  violet  in  colour.  This  reaction  is  (hie  to 
the  formation  of  ty rosin- sul/phonic  acid. 

4.  Dissolve  a small  quantity  in  hot  water  to  which  a 
crystal  of  NaCl  has  been  added , and  then  add  a small 
quantity  of  dry  quinone.  The  warm  solution  becomes  ruby- 
red  in  colour. 

5.  Add  2 c.c.  of  a formaldehyde-sulphuric  acid  solution 
(1  c.c.  formaldehyde  in  50  c.c.  cone.  H2SO^)  to  a small 
quantity  in  a test-tube.  Whenever  the  solution  becomes  red 
in  colour,  add  double  its  volume  of  glacial  acetic  acid,,  and 
boil.  The  colour  then  changes  to  green. 

6.  The  formation  of  the  yclloiv  nitrate  of  nitroso-ty rosin 
(see  Leucin,  4). 

Leucin  (a-amino-isobutyl  acetic  acid). 

(CH3)2 : CH.CH2.CH.NH2.COOH). 

1.  Examine  microscopically  a drop  taken  from  the 
crystalline  surface  layer  of  the  thick  syrup.  Sketch  the 
crystals  (cf.  form  of  purer  crystals  separated  out  from  a hot 
ammoniacal  alcoholic  solution). 

2.  Dissolve  some  purified  crystals  in  KOH,  and  car ef  idly 
add  dilute  CuSO±,  shaking  after  addition  of  each  drop.  The 
Cu(OH)2  is  dissolved,  giving  a blue-coloured  solution.  Heat, 
no  reduction. 

3.  Heat  carefully  some  leucin  between  two  cover -glasses ; 
a fine  white  sublimate  is  formed  on  the  upper  glass.  Note 
the  peculiar  odour  of  amylamin. 

4.  Scherer’s  Test. — Take  a small  quantity  of  leucin 
on  platinum  foil,  add  a drop  or  two  of  concentrated  nitric 
acid,  and  heat  carefully.  A colourless  residue  is  left,  which 
can  be  dissolved  in  warm  NaOH,  the  resultant  fluid  being 
colourless.  This  fluid,  on  being  evaporated  doivn,  leaves  an 
oily  residue. 

Do  the  same  with  tyrosin,  and  note  the  difference  at  each 
stage  (see  Test  6,  Tyrosin). 

5.  When  free  from  tyrosin,  does  not  give  Miltons  reaction. 
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B.  THE  AMYLOLYTIC  FERMENT. 

A suitable  preparation  for  demonstrating  the  activity  of 
this  ferment  is  the  50  per  cent,  glycerine  extract  of  the  pig’s 
pancreas,  prepared  as  described  on  p.  55  ; or  a strong  watery 
extract  of  pancreas  powder  may  be  made  by  digesting  about 
2 grms.  with  100  c.c.  of  toluol  water,  at  38°,  for  about  two 
hours. 

Take  four  test-tubes,  and  place  in  them  glass  rods.  Pour 
into  all  1 per  cent,  starch  solution;  into  two  of  these , pour  five 
to  ten  drops  of  the  extract  {if  the  glycerine  one  be  used,  dilute  it 
with  equal  quantity  of  water  before  adding).  Boil  one  of  them. 
Into  a third  put  a few  drops  of  bile ; and  into  the  fourth, 
extract  and  boil.  In  this  way  one  may  test  activity  of  extract 
with  and  ivithout  bile,  and  after  it  has  been  boiled.  Place 
all  in  water  bath.  On  a porcelain  slab  at  the  side,  place 
a series  of  iodine  drops.  Examine  in  same  way  as  with 
saliva.  Note  the  “ achromic  ” point , when  there  is  no  reaction 
to  iodine. 

Also  test,  in  conclusion,  with  Fehling,  for  maltose. 

The  changes  are  the  same  as  with  saliva  {see  p.  42). 

It  is  advisable  in  this,  as  in  the  case  of  trypsin,  to  try 
the  effects  of  various  extracts. 

The  effect  of  bile  upon  the  activity  of  the  extract  is  very 
doubtful.  The  boiled  extract  is  inactive. 

C.  THE  FAT-SPLITTING  FERMENT. 

Take  some  butter  which  has  been  freed  from  fatty  acids 
in  the  following  way : — Dissolve  some  butter  in  ether.  Pour 
into  separating  funnel,  and  then  add  a small  quantity  of  dilute 
NaOH.  Shake  thoroughly.  Run  out  the  aqueous  alkaline 
solution,  replace  with  fresh  NaOH,  shake,  and  again  remove  it. 
Remove  all  traces  of  alkali  from  ethereal  solution  by  shaking 
up  repeatedly  with  small  quantities  of  water.  Run  ethereal 
solution  into  flask  containing  anhydrous  CaCl2,  shake,  and 
leave  overnight.  Next  morning  pour  off  ethereal  solution  into 
distilling  flask,  and  distil  off  the  ether.  Melt  the  purified 


62 


PHYSIOLOGICAL  CHEMISTRY 


butter,  now  freed  from  fatty  acids,  and  run  it  into  a sterilised 
vessel,  which  may  be  sealed. 

Take  two  small , wide-moutlied  Soxhlet  flasks,  add,  to  one 
some  freshly  minced  pancreas,  suspended  in  water  containing 
a,  little  chloroform ; to  the  other,  the  same,  only  previously 
heated  to  boiling  point.  Add  a few  drops  of  an  alcoholic 
solution  of  rosolic  acid  {which  gives  a pink  with  alkalies, 
yellow  with  acids)  to  each,  and  then  just  sufficient  dilute 
NaOH  to  give  red  colour.  Place  both  in  incubator,  at  about 
38°,  and  at  intervals  take  them  out  and  mix  thoroughly  by 
shaking.  Note  the  time  when  the  red  colour  is  discharged 
by  fatty  acids,  which  have  been  set  free.  This  may  take  a 
fairly  long  time  {twelve  hours  or  so). 

If  the  discharge  of  colour  is  due  to  the  splitting  of  the 
fats  by  a ferment,  the  boiled  extract  should  not  show  this 
reaction.  The  smell  of  volatile  fatty  acids  is  often  very 
distinct.  The  fatty  acids  may  be  separated  and  tested. 

D.  THE  MILK-CURDLING  FERMENT. \ 

Various  extracts  may  be  tested  for  this  in  the  way 
described  for  rennin  in  the  gastric  juice. 

Some  test  the  activity  by  the  rapidity  of  production  of 
the  so-called  meta-casein  reaction  (the  appearance  of  a 
coagulum  in  milk  on  boiling),  others  by  the  ordinary  insoluble 
clot  formation. 


CHAPTER  IX 


BACTERIAL  DIGESTION 

This  can  be  best  studied  in  a decomposing  alkaline  meat 
extract.  As  one  wishes  to  examine  also  for  the  ordinary 
proteolytic  products,  it  is  better  not  to  use  a decomposing 
pancreatic  extract,  as  then  there  is  the  combined  action  of 
trypsin  and  bacteria.  Take  half  a pound  of  finely  minced 
meat  in  a large  flask,  and  add  about  a litre  of  -5  per  cent. 
Na2C03.  Insert  a plug  of  cotton-wool  in  the  mouth  of  the 
flask.  Shake  thoroughly,  and  place  in  incubator,  at  a 
temperature  of  40°,  for  a week.  It  is  .advisable,  at  the 
outset,  to  introduce  a small  piece  of  putrefying  meat  into 
the  mixture.  The  mixture  has  an  extremely  offensive 
odour.  . 

I.  ALBUMOSES  AND  PEPTONES. 

In  one  portion  test  for  albumoses  and  peptones. 


II.  INDOL,  SKATOL,  VOLATILE  FATTY  ACIDS,  PHENOL, 

CRESOL,  AND  AMMONIA. 

From  the  remainder  of  the  fluid  distil  the  volatile  products, 
collecting  the  distillate  until  the  contents  become  so  thick  that 
bumping  becomes  troublesome.  Take  two  samples  of  the 
distillate,  an  early  (1)  and  a late  one  (2).  Test  the  reaction 
(ammonia).  The  skatol  comes  over  earlier  than  the  indol,  and 
so  it  is  advisable  to  keep  those  samples  separately  in  order 
that  they  may  be  examined  afterwards  for  indol  and  skatol. 
Remove  the  flame,  and  when  residue  is  cool  add  more  water 

63 


64 


PHYSIOLOGICAL  CHEMLSTRY 


and  continue  the  distillation.  After  about  500  c.c.  in  all 
have  distilled  over,  acidify  distillate  with  HC1,  and  extract  it 
in  small  portions  of  50  to  80  c.c.  with  about  same  quantity  of 
ether  in  a separating  funnel.  In  shaking  this  mixture,  be 
careful  to  allow  any  gases  to  escape.  Eepeat  this  with  fresh 
portions  of  the  distillate  and  fresh  ether.  Collect  all  the 
ethereal  extracts,  having  run  away  the  acid  aqueous  ones, 
which  mainly  contain  NH4C1.  Extract  these  with  NaOH 
solution  in  a separating  funnel.  The  alkaline  solution  (3) 
takes  up  the  phenol,  cresol,  and  volatile  fatty  acids  ; the  ethereal 
(4)  the  slcatol  and  indol.  The  ether  is  distilled  off  from  (4), 
the  residue  dissolved  in  as  little  hot  water  as  possible,  and 
the  indol  and  skatol  left  to  separate  out,  the  former  being 
more  soluble  than  the  latter. 

Indol  and  Skatol. 

CH  C.CH3 

/ % • / \ 

Indol  C6H4  CH ; and  skatol  C6H4  CH 

\ / \ / 

NH  NH 

The  fractions  (1)  and  (2)  and  the  residue  from  (4)  should 
be  examined. 

1.  Examine  crystals  microscopically.  Both  crystallise  in 
same  form.  Warm  slide  gently.  The  indol  melts  at 
a distinctly  lower  point  than  the  skatol  (52°  instead 
of  95°). 

This  is  only  made  out  if  one  is  dealing  with  fairly  pure 
material. 

2.  In  the  first  place,  test  the  two  fractions  of  the  dis- 
tillate (1)  and  (2)  as  follows : — 

Take  small  quantities  of  each  in  test-tubes,  make  acid  with 
a few  drops  of  nitric  acid , and  add  one  or  two  drops  of  dilute 
KN02  solution  ('02  per  cent.).  If  indol  be  present , even  in 
very  small  quantity,  the  solution  becomes  red  in  colour  ; or,  if 
a larger  amount  be  present,  a brick-red  precipitate  of  nitrate 
of  nitroso-indol  will  separate  out.  If  skatol  alone  be  present, 
only  a white  clouding  appears.  In  the  second  place,  test  in 
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same  way  the  hot  water  extract  of  the  ethereal  residue  from 
(4),  and  the  insoluble  residue  left  after  extraction  with  hot 
water. 

Note  whether  indol  and  skatol  are  both  present. 

Legal’s  Test. 

3.  Take  some  of  (1),  (2),  and  of  the  hot  water  extract 
of  residue  (4)  in  different  test-tubes;  add  a few  drops 
of  freshly  prepared  sodium  nitro-prusside  until  solution  is 
distinctly  yelloio  in  colour.  Then  add  a few  drops  of 
NaOH , deep  violet  colour  if  indol , intensely  yellow  if  skatol 
alone  be  present.  Acidify  strongly  with  glacial  acetic  acid  ; 
if  indol  be  present , the  solution  becomes  a bright  blue ; if 
skatol , the  colour  becomes  gradually  violet  on  boiling. 

Phenol  and  cresol  in  the  alkaline  washings  (3). 

Acidify  the  solution  (3)  with  HC1,  and  then  add  Na2C03 
until  a portion  (after  driving  off  the  C02)  is  just  alkaline. 
The  fatty  acids  are  now  in  the  form  of  sodium  salts,  and  the 
phenol  and  cresol  can  be  separated  from  them  by  extracting 
with  ether  in  a separating  funnel  (leaving  free  exit  for  gas). 
The  ethereal  extract  contains  the  phenol  and  cresol,  while  the 
salts  of  the  fatty  acids  remain  in  the  watery  solution. 
Evaporate  off  the  ether  from  the  extract ; dissolve  the  residue 
in  hot  water,  and  test  for  phenol  and  cresol.  It  is  not 
necessary  to  separate  these. 

1.  Add  bromine  water  gradually  to  the  solution  until 
maximal  precipitation.  At  first  only  a transient  milky 
clouding , then  a yellowish-white  precipitate  of  tribrom- 
phenol  and  -cresol. 

2.  Boil  some  of  the  solution  to  ivhich  Millon’s  reagent  has 
been  added.  Fluid  becomes  red,  and  a similarly  coloured  pre- 
cipitate may  separate  out.  This  reaction  depends  upon  the 
.OH  group  in  the  benzene  ring. 

3.  Add  two  or  three  drops  of  dilute  ferric  chloride  to 
the  neutral  solution — violet  or  greyish-blue  colour. 
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Salts  of  the  fatty  acids. 

These  are  present  in  the  watery  solution,  and  may  be 
examined  in  the  usual  way,  but  this  is  hardly  necessary. 

In  conclusion,  tabulate  the  results  obtained  by  analyses  of 
gastric,  pancreatic,  and  bacterial  digestion. 


CHAPTER  X 

THE  LIVER  AND  PRODUCTS  OF 

ITS  ACTIVITY 

I.  GLYCOGEN— METHOD  OF  SEPARATION. 

A rabbit  is  fed  with  carrots,  and,  after  ten  hours,  is  killed 
by  bleeding.  The  liver  is  excised  as  rapidly  as  possible. 
A small  portion  is  set  aside.  The  remainder  is  chopped  up, 
and  thrown  into  five  times  its  volume  of  boiling  water,  faintly 
acidified  with  acetic  acid.  The  mixture  is  then  filtered 
through  calico,  and  the  residue  ground  up  with  farther 
quantities  of  water,  and  again  extracted  at  100°  C.  The 
extracts  are  united,  and  evaporated  down  to  a small  bulk, 
about  150  c.c.  The  concentrated  extract  is  cooled,  and  freed 
from  proteid  and  gelatin  by  acidification  with  hydrochloric 
and  the  addition  of  Briicke’s  reagent  (i.e.,  a saturated  solution 
of  mercuric  iodide  in  5 per  cent,  potassium  iodide).  The 
alternate  addition  of  acid  and  Briicke’s  reagent  is  continued 
until  a precipitate  ceases  to  form.  The  solution  is  then 
filtered.  Mix  the  filtrate  with  twice  its  volume  of  methylated 
spirit.  The  precipitate  of  glycogen  which  forms  is  allowed 
to  settle,  then  filtered  off  and  washed  with  diluted  alcohol 
(2  vols.  alcohol  to  1 vol.  water).  Finally,  it  is  washed  with 
alcohol  and  ether,  and  dried.  ( See  p.  17  for  the  tests  for 

glycogen).  The  portion  of  liver  which  was  set  aside  may  be 
extracted  with  hot  water  faintly  acidified  with  acetic  acid, 
and  the  filtrate  tested  for  glucose  and  glycogen  (cf.  with 
extract  of  fresh  liver). 
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II.  BILE. 

Either  ox  or  sheep  bile  may  be  used  for  the  following 
tests : — 

1.  Physical  Characteristics. — Note  that  the  bile  of  the 
ox  is  a clear,  viscid  fluid  of  greenish-brown  or  green  colour, 
having  a bitter  taste  and  peculiar  aromatic  odour. 

2.  Reaction  is  neutral  or  faintly  alkaline. 

Test  with  glazed  litmus  'paper. 

3.  Heat. 

The  fluid  does  not  yield  a coagulum  on  boiling. 

4.  Mucin. 

(a)  Acidify  a small  quantity  of  the  bile  with  dilute  acetic 
acid;  a precipitate  of  a mucinoid  nucleo-albumin  separates 
out. 

(b)  To  a small  quantity  of  bile  add  methylated  spirits ; 
a bulky  precipitate  of  the  mucinoid  nucleo-albumin  separates 
out,  along  with  some  adhering  bile  pigment. 

5.  Gmelin’s  Test  for  Bile  Pigments. 

(a)  Place  a little  impure  nitric  acid  1 in  a test-tube.  In- 
cline the  test-tube , and  pour  bile  slowly  down  the  side  of  the 
tube,  so  that  it  forms  a layer  on  the  surface  of  the  nitric  acid. 

Note  the  following  series  of  colours.  The  layer  of  bile 
in  contact  with  the  nitric  acid  has  a yellow  colour,  due  to  the 
pigment  choletelin.  Above  this  band  lies  a red-coloured  layer, 
next  to  that  a narrow  band  of  violet,  passing  into  blue 
( bilicyanin ),  and,  still  higher  up  in  the  test-tube,  a green 
colour,  due  to  biliver  din.  A precipitate  is  seen  at  the  plane 
of  junction  of  the  acid  with  the  bile,  due  to  the  separation  of 
bile  acids  and  nucleo-albumin. 

1 Nitric  acid  containing  sufficient  nitrogen  peroxide  for  the  test  may  be 
prepared  by  the  addition  of  a small  quantity  of  granulated  zinc  to  the  concen- 
trated acid.  As  soon  as  all  the  zinc  has  dissolved,  the  acid  is  placed  in  a 
stoppered  bottle. 
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(b)  The  same  may  also  be  done  in  another  way , namely , 
by  mixing  a little  bile  with  impure  nitric  acid  on  a piece 
of  white  porcelain. 

The  colours  are  then  seen  as  a series  of  zones. 

6.  Pettenkofer’s  Test  for  Bile  Salts. 

(a)  Mix  a little  bile  with  two  or  three  drops  of  a 10  per 
cent,  solution  of  cane  sugar.  Place  in  a test-tube  some  concen- 
trated sulphuric  acid  {about  half  the  volume  of  the  bile  used). 
Then  incline  the  test-tube  containing  the  sulphuric  acid,  and 
pour  the  bile , mixed  with  cane  sugar  solution,  slowly  down 
the  side  of  the  inclined  test-tube,  so  that  it  forms  a layer 
above  the  sulphuric  acid. 

A precipitate  of  bile  salts  and  mucin  forms  at  the  plane 
of  junction  of  the  fluids.  Note  the  reddish-violet  colour 
which  develops  in  the  bile  lying  immediately  above  the 
sulphuric  acid. 

Then  mix  the  two  fluids,  preventing  too  great  a rise  of 
temperature  by  cooling  the  test-tube  under  the  water  tap. 
The  fluid  acquires  a redclish-violet  tint,  which  rapidly  darkens 
to  a purple  colour  on  shaking  up  with  the  air. 

(b)  Another  method  of  doing  the  same  test  is  to  mix  the 
bile,  as  before,  with  a little  cane  sugar.  Then  shake  up  the 
solution  until  a froth  forms  in  the  upper  part  of  the  test-tube. 
Pour  a little  concentrated  sidphuric  acid  down  the  side  of 
the  tube.  A purple  colour  develops  in  the  froth  where  it  has 
come  into  contact  with  the  sidphuric  acid. 

The  test  is  due  to  the  formation  of  a compound  of 
furfurol  with  the  cholalic  acid  contained  in  the  bile  acids. 
The  furfurol  is  formed  by  the  action  of  the  sulphuric  acid  on 
the  sugar.  A drop  of  a saturated  aqueous  solution  of  furfurol 
may  be  added  to  the  bile  instead  of  cane  sugar,  and  the  test 
carried  out  by  either  of  the  methods  above  described. 

7.  Surface  Tension  Test  (Matthew  Hay). 

Place  highly  dilided  bile  in  one  test-tube,  and  water  in 
another.  Sprinkle  a little  flowers  of  sulphur  on  the  surface 
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of  each  fluid.  The  sulphur  floats  on  the  surface  of  the 
water,  while  it  rapidly  sinks  in  the  solution  of  bile. 

This  test  depends  on  the  fact  that  bile  salts  reduce  the 
surface  tension  of  the  water  in  which  they  are  dissolved. 

I.  PREPARATION  OF  GLYCOCHOLIC  ACID. 

1.  Add  10  c.c.  of  concentrated  hydrochloric  acid  to  200 
c.c.  ox  bile,  placed  in  a stoppered  vessel.  Then  add  25  c.c. 
of  ether,  and  shake  the  mixture  vigorously.  Add  a crystal  of 
glycocholic  acid,  and  allow  the  solution  to  stand  in  a cool 
place.  A mass  of  crystals  of  glycocholic  acid  separates  out. 
This  is  filtered  off,  and  washed  with  cold  water  until  the  filtrate 
is  colourless.  The  crystalline  deposit  is  then  transferred  to  a 
flask,  and  dissolved  in  as  little  boiling  water  as  is  necessary 
for  its  solution.  The  solution  is  then  filtered  hot.  On  cooling, 
glycocholic  acid  separates  out  in  the  form  of  fine  needles. 

II.  PREPARATION  OF  BILE  SALTS  (SODIUM 
GLYCOCHOLATE  AND  TAUROCHOLATE). 

Mix  500  c.c.  bile  with  charcoal,  and  evaporate  to  dryness 
on  the  water  bath.  Transfer  the  residue  to  a flask,  and 
extract  with  boiling  methylated  spirit  for  half  an  hour,  using 
a reflux  condenser.  Cool,  and  filter  the  alcoholic  solution. 
Distil  off  the  methylated  spirit,  and  extract  the  dry  residue 
with  the  minimal  amount  of  absolute  alcohol  necessary  for 
its  solution.  Add  to  the  alcoholic  solution  sufficient  anhydrous 
ether  to  produce  a permanent  precipitate.  On  standing,  the 
bile  salts  separate  out  as  a crystalline  precipitate. 

N.B. — The  ether  used  should  be  freed  from  water  by 
being  left  in  contact  with  anhydrous  calcium  chloride  for 
twenty-four  hours,  and  then  filtered. 

1.  Perform  Pettenkofcrs  test  with  a solution  of  the  bile 
salts.  Dilute  the  purple  fluid  so  obtained  with  glacial  acetic 
acid,  and  examine  it  spectroscopically } 

2.  Examine  the  crystals  of  glycocholic  acicl  microscopically. 

3.  Note  the  bitter  taste  of  a solution  of  the  salts. 

1 Acid  albumin  gives  a somewhat  similar  colour  reaction,  differing,  however, 
in  spectroscopic  characters. 
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4.  To  a small  quantity  of  a solution  of  sodium  glyco- 
cholate  add  a few  drops  of  aqueous  cupric  sulphate.  A 
precipitate  of  the  cupric  salt  forms.  Lead  acetate  , also  pro- 
duces a precipitate  of  the  lead  salt. 

III.  CHOLESTERIN. 

Cholesterin  may  be  prepared  from  gall  stones  by  extracting 
the  finely  powdered  stones  with  ether.  The  ethereal  solution 
is  filtered,  and  evaporated  to  dryness.  The  cholesterin  so 
obtained  is  sufficiently  pure  for  the  following  reactions  : — 

1.  It  is  quite  insoluble  in  water , readily  soluble  in  ether , 
chloroform , and  hot  alcohol. 

2.  Dissolve  a little  cholesterin  in  anhydrous  ether.  Ex- 
amine microscopically  the  crystals  which  separate  out  on 
evaporation  of  the  ether  on  a watch  glass. 

Note  that  they  have  the  form  of  fine  needles. 

3.  Dissolve  some  cholesterin  in  hot  alcohol.  Place  a few 
drops  on  a watch  glass , and  examine  microscopically  the 
crystcds  which  separate  out  in  the  form  of  fine  rhombic 
plates,  frequently  having  characteristic  notched  angles. 

4.  Place  a cover-slip  over  some  cholesterin  crystals  placed 
on  a slide,  and  irrigate  with  a drop  of  sulphuric  acid  (5  vols. 
of  concentrated  sulphuric  and  1 vol.  water).  Then  place  a 
drop  of  a solution  of  iodine  in  potassium  iodide  at  the  edge 
of  the  cover-slip.  The  crystals  acquire  a reddish  colour,  owing 
to  the  action  of  the  sulphuric  acid.  As  the  iodine  reaches  them, 
the  red  changes  to  a violet,  and  ultimately  to  a blue  colour. 

5.  Salkowski’s  Reaction. 

Dissolve  some  cholesterin  in  a little  chloroform.  Add  an 
equal  volume  of  concentrated  sulphuric  acid,  and  mix  the  two 
fluids  by  shaking.  The  chloroform  rises  to  the  top  as  a 
red-coloured  layer,  while  the  subjacent  sulphuric  acid  shows 
a well-marked  green  fluorescence.  Pour  a little  of  the 
chloroform  solution  into  a dry  test-tube,  and  then  add  a drop 
of  water.  The  chloroform  solution  is  decolorised.  On  again 
adding  concentrated  sulphuric  acid,  the  red  colour  reappears. 
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6.  Liebermann’s  Reaction. 

Add  ten  drops  of  acetic  anhydride  to  2 c.c.  of  a solution 
of  cholcstcrin  in  chloroform,  placed  in  a dry  test-tube.  Then 
add  a drop  of  concentrated  sulphuric  acid.  The  solution 
becomes  red,  then  blue,  and  finally  bluish-green  in  colour. 

GALL-STONES. 

There  are  at  least  three  main  types — 

(a)  Pigment  Chalk. 

(b)  Cholesterin. 

(c)  Calcium  Carbonate  and  Phosphate. 

But  although  they  may  be  thus  classified,  it  does  not 
signify  anything  beyond  the  fact  that  the  name  applied  refers 
to  the  main  constituent.  Thus,  pigment  chalk  stones  always 
contain  more  or  less  cholesterin,  cholesterin  ones  more  or  less 
pigment  and  calcium  salts,  and  the  last-mentioned  type  always 
a small  amount  of  pigment. 

The  first  two  types  are  those  met  with  in  man — 

(a)  Vary  much  in  size,  always  dark-coloured  (dark  green 
to  black),  irregular  in  outline.  They  have  a more  or  less 
metallic  lustre,  and  nearly  always  sink  in  water.  They  are 
common  in  the  ox. 

(b)  Vary  also  much  in  size.  They  have,  however,  es- 
pecially on  section,  a wax-like  appearance,  and  when  scraped 
give  more  or  less  the  same  impression.  The  nucleus  is  often 
a pigmented  one,  and  around  it  the  cholesterin  is  often  laid 
down  in  concentric  rings  (often  as  alternate  cholesterin  and 
pigment  chalk  rings  in  large  stones).  They  are  often  facetted, 
practically  always  much  smoother  than  the  first-mentioned 
ones,  and,  as  a rule,  float  in  water. 

(c)  In  the  third  variety  there  is  a minimum  of  pigment. 
These  gall-stones  are  exceedingly  rare  in  man.  In  the  ox 
they  are  frequently  met  with  as  small,  round,  slightly 
pigmented  granular  clumps  (gravel). 
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METHOD  OF  EXAMINATION. 

1.  Place  in  vessel  of  water , and  see  whether  they  float 
or  sink. 

2.  With  the  finger-nail,  scrape  the  surface.  Note  whether 
hard,  granular,  or  wax-like.  See  if  there  be  facetting. 

3.  Examine  a section  of  one  for  appearance  of  concentric 
rings  or  radial  striations. 

4.  Powder  half  a dozen  or  so.  Place  in  flask,  and 
extract  as  thoroughly  as  possible  with  about  ten  times  the 
volume  of  ether.  Shake  for  five  to  ten  minutes.  Test  ethereal 
extract  {a)  and  residue  (b).  Pour  off  ethereal  extract  {a), 
distil  off  ether,  and  test  residue  for  cholesterin  (p.  7Q). 
Drain  off  ether  from  residue  (b),  after  ivashing  it  twice  or 
thrice  with  ether ; then  shake  it  up  with  warm  HCl  (1  in  3). 
Test  this  acid  extract  { c ) for  calcium  salts  and  copper,  the 
former  being  detected  in  one  portion  by  adding  ammonium 
oxalate  {after  rendering  the  solution  ammoniacal,  and  then 
adding  acetic  acid ) ; the  latter,  in  another  portion,  by  addition 
of  a few  drops  of  potassium  ferrocyanide  solution  {chocolate- 
coloured  copper  ferrocyanide). 

{a)  Wash  the  residue  from  the  above  extract  with  water 
until  Cl-free  ; then  shake  up  thoroughly  v'ith  a small 
quantity  of  CHCl 3,  the  extraction  being  best  carried  out  in 
a small  flask  {with  condensing  glass  tube)  on  the  warm  water 
bath.  The  pigments  are  present  in  this  extract. 

{a)  Take  a drop  or  two  of  the  extract  on  a slide,  allow 
CHClz  to  evaporate  off,  and  examine  residue  microscopically. 

iff)  Take  another  portion,  evaporate  off  CHCl 3,  touch 
residue  with  drop  of  impure  HNOfHNO 2).  Note  the  play 
of  colours  {Cmelin’s  test). 

(7)  Mix  up  in  separating  funnel  the  rest  of  the  CLICl 3, 
extract  with  1 per  cent.  NafJO?> ; the  colour  gradually  dis- 
appears from  the  CHCLd,  the  pigment  being  taken  up  by  the 
alkali.  Pun  out  the  alkaline  extract,  pass  stream  of  air 
through  it ; solution  becomes  green  from  biliverdin  formation. 
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BLOOD 

Blood  consists  essentially  of  red  and  white  corpuscles, 
suspended  in  a fluid — the  plasma.  On  standing,  it  clots, 
owing  to  the  separation  of  an  insoluble  proteid — fibrin.  The 

clot  gradually  contracts,  expressing  a fluid — the  blood  serum. 
If  during  the  process  of  clotting  the  blood  be  whipped,  the 
clot  may  be  separated  in  the  form  of  threads  of  fibrin,  and  one 
obtains  a fluid — defibrinated  blood — containing  the  corpuscles 
in  suspension. 

The  chief  proteid  constituents  of  the  serum  have  already 
been  studied.  It  is  therefore  only  necessary  to  consider  the 
blood  plasma  and  defibrinated  blood. 

BLOOD  PLASMA. 

I.  INFLUENCE  OF  SALTS  UPON  COAGULABILITY. 

1.  Three  volumes  of  freshly  drawn  blood  are  thoroughly 
mixed  with  1 volume  of  a saturated  solution  of  magnesium 
sulphate.  By  the  admixture  with  magnesium  sulphate  the 
coagulation  of  the  blood  is  prevented. 

2.  Freshly  drawn  blood  is  mixed  with  so  much  3 per 
cent,  potassium  oxalate  that  the  total  fluid  contains  0'3  per 
cent,  of  the  salt.  Note  that  the  blood , containing  a soluble 
oxalate , does  not  coagulate  on  standing. 

The  plasma  may  be  best  separated  from  the  corpuscles 
by  centrifugalising.  After  centrifugalisation,  the  plasma  is 
siphoned  off  from  the  red  blood  corpuscles. 
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II.  EXPERIMENTS  ON  THE  CONDITIONS  INFLUENCING 
COAGULABILITY  OF  THE  PLASMA  BY  FERMENTS. 

(a)  To  a portion  of  the  salted  plasma  (1)  add  nine  times 
its  volume  of  water  and  a few  drops  of  a solution  of  fibrin  1 
ferment  or  blood  serum.  Place  on  the  water  bath  at  30  0. 
A jelly-like  clot  of  fibrin  forms,  which  contracts  on  standing, 
expressing  a clear  fluid — the  serum. 

(b)  To  another  portion  of  salted  plasma  add  one-tenth 
its  volume  of  a 3 per  cent,  solution  of  potassium  oxalate,  and 
then  dilute  with  nine  volumes  of  water.  Add  a little  blood 
serum,  and  place  the  fluid  on  the  water  bath  at  30  C.  No 
clotting  occurs. 

(c)  To  a portion  of  oxalate  plasma,  add  one-tenth  its 
volume  of  a 2 ’8  per  cent,  solution  of  calcium  chloride 
(CaCl2-\-  GH20),  mix  well , and  place  on  the  water  bath  at 
30°  C.  Clotting  occurs. 


III.  SEPARATION  OF  THE  PROTEIDS  CONTAINED  IN 

“OXALATE  PLASMA  ” BY  FRACTIONAL  PRECIPITA- 
TION WITH  AMMONIUM  SULPHATE. 

(a)  Dilute  1 2 c.c.  of  oxalate  plasma  with  3 0 c.c.  of  water. 
Then  add  20  c.c.  of  a saturated  solution  of  ammonium 
sulphate.  A precipitate  of  fibrinogen  is  produced.  Filter  off 
the  precipitate  with  the  aid  of  the  aspirating  pump. 

(b)  To  40  c.c.  of  the  filtrate  add  25  c.c.  of  a saturated 
solution  of  ammonium  sulphate  = a precipitate  of  serum 
globulin.  Filter  with  the  aid  of  the  aspirating  pump. 

( c ) Heat  a small  portion  of  the  second  filtrate  to  boiling 
point  after  rendering  faintly  acid  with  dilute  acetic  acid  = a 
precipitate  of  serum  albumin. 


1 In  order  to  prepare  a solution  of  fibrin  ferment,  mix  1 volume  of  serum  or 
defibrinated  blood  with  15  to  20  volumes  of  alcohol,  and  allow  the  mixture  to 
stand  for  some  weeks.  Filter  off  the  precipitate,  dry  it  in  the  exsiccator,  and 
extract  the  ferment  from  it  with  water  (Schmidt). 
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( d ) Saturate  another  portion  of  the  second  filtrate  with 
finely  powdered  ammonium  sulphate  = a precipitate  of  serum 
albumin. 

The  precipitates  of  fibrinogen  and  serum  globulin  may  be 
dissolved  in  5 per  cent,  sodium  chloride,  and  characterised 
by  ascertaining  their  temperatures  of  coagulation.  Tor  this 
purpose,  larger  quantities  of  oxalate  plasma  are  desirable. 
Fibrinogen  coagulates  at  circa  55°  C.  Serum  globulin  coagu- 
lates at  circa  70°  to  7 5°  C. 

Fibrinogen  may  also  be  precipitated  by  half  saturation 
with  sodium  chloride.  Complete  saturation  with  sodium 
chloride  only  partially  precipitates  serum  globulin. 

DEFIBRIN ATED  BLOOD. 

{a)  Reaction. 

Place  a drop  of  blood  on  glazed  red  litmus  paper , and 
wash  the  slip  of  paper  with  distilled  water.  A distinct  blue 
spot  is  seen  where  the  blood  has  been  in  contact  with  the  paper. 

(b)  Guaiac  Test. 

To  half  a test-tubeful  of  water  add  two  or  three  drops  of 
defibrinated  blood , and  mix  thoroughly.  Then  add  some 
tincture  of  guaiac,  and  a small  quantity  of  an  aqueous  or 
ethereal  solution  of  hydrogen  peroxide.  On  mixing,  the  solu- 
tion becomes  blue,  owing  to  oxidation  of  the  guaiac  resin. 

The  red  blood  corpuscles  transfer  the  oxygen  from  the 
hydrogen  peroxide  to  the  guaiac  resin. 

(c)  Catalytic  Action. 

To  a small  quantity  of  defibrinated  blood  add  twice  its 
volume  of  a solution  of  hydrogen  peroxide.  An  evolution  of 
bubbles  of  oxygen  occurs,  due  to  the  so-called  catalytic  action 
of  the  blood  pigment. 

(ft)  “ Baking  of  the  Blood.” 

To  a small  quantity  of  defibrinated  blood  add  a little 
ether  and  an  equal  volume  of  ivatcr,  then  mix  thoroughly. 
By  reflected  light  the  mixture  appears  darker  red  than  the 
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original  blood.  When  examined  in  a thin  layer  by  trans- 
mitted light,  it  will  be  found  to  be  transparent,  owing  to  the 
fact  that  the  blood,  pigment  has  been  dissolved  out  from  the 
red,  blood  corpuscles. 

(e)  Crenation  of  the  Eep  Blood  Corpuscles. 

To  a little  blood  in  a test  tube,  add  one -fourth  of  its 
volume  of  a saturated  solution  of  sodium  chloride.  The 
mixture  becomes  brighter  red  in  colour  and  more  opaguc  to 
transmitted  light. 

This  is  due  to  the  outward  passage  of  water  from  the  red 
cells  iuto  the  concentrated  saline  plasma,  causing  a shrinkage 
of  the  cells. 

(/)  Coagulation  of  the  Proteids  of  Defibrinated 
Blood  by  Heat. 

Dilute  25  c.c.  of  defibrinated  blood  with  150  c.c.  water 
in  a beaker,  and  neutralise  with  dilute  acetic  acid.  Bring  to 
boiling  point,  stirring  constantly.  Acidify  very  faintly  with 
dilute  acetic  acid.  Filter  from  the  brown-coloured  coagulum. 
The  filtrate  should  be  colourless  and  transparent,  but  if  too  much 
acid  has  been  used  it  will  have  a brownish  tint,  owing  to  the 
presence  of  acid  hcematin.  Concentrate  filtrate  to  about  2 0 c.c. 

(i a ) Test  a portion  with  Fchlings  solution — reduction  due 
to  glucose. 

If  the  blood  has  stood  for  some  time,  a considerable  pro- 
portion of  the  glucose  may  have  undergone  oxidation,  due  to 
the  presence  of  a glycolytic  ferment.  For  this  reason,  it  is 
best  to  use  freshly  obtained  blood. 

(/3)  Acidify  another  portion  with  HNOz  and  add  a little 
AgNOz;  a white  precipitate  of  AgCl 2 separates  out  {soluble 
in  NH 3). 

PREPARATION  OF  CRYSTALS  OF 
OXYHEMOGLOBIN. 

1.  From  Rat’s  Blood. 

Mix  a small  quantity  of  rat's  blood  with  an  equal  bidk  of 
water  and  a few  drops  of  ether.  Shake  thoroughly.  Place 
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a drop  of  the  talced  blood  on  a slide,  cover , and,  examine  with 
a microscope.  Rhombic  crystals  of  haemoglobin  gradually 
separate  out. 

2.  From  Sheep’s,  Dog’s,  Horse’s,  or  Guinea  - Pig’s 
Blood. 

To  2 0 c.c.  of  sheep  s blood  add  2 c.c.  water  and  2 c.c.  ether. 
Mix  thoroughly  until  the  blood  is  completely  lakecl.  The 
process  may  be  controlled  by  microscopic  examination.  To  the 
lakcd  blood  add  an  equal  volume  of  a saturated  solution  of 
ammonium  sulphate , mix  the  fluids,  filter  immediately  from  the 
precipitate  which  forms.  On  standing  overnight,  large  rhombic 
crystals  will  be  found  on  microscopic  examination  of  the  sedi- 
ment. Crystals  of  methsemoglobin  may  also  be  prepared  by 
this  method,  if  the  laked  blood  be  first  shaken  with  a few 
drops  of  a solution  of  f err  icy  aniclc.  If  the  solution  of  clefibrin- 
ated  sheep  s blood  in  a half-saturated  solution  of  ammonium 
sulphate  be  faintly  acidified  with  acetic  acid  and  allowed  to 
stand  overnight,  large  rhombic  crystals  of  acid  haemoglobin 
separate  out.  Examine  these  microscopically  and  also  with 
the  microspectroscope.  If  the  above  methods  be  applied  to 
guinea  - pig’s  blood , characteristic  tetrahedral  crystals  arc 
obtained. 


SPECTROSCOPIC  EXAMINATION  OF  THE  BLOOD 
PIGMENTS  AND  THEIR  DERIVATIVES. 

PRELIMINARY  PHYSICAL  CONSIDERATIONS. 

A small  direct  vision  spectroscope  may  be  used  for  the 
examination  of  the  absorption  bands  of  the  blood  pigments. 
In  its  simplest  form  this  instrument  consists  of  an  outer  brass 
tube,  having  at  one  end  a vertical  slit,  the  width  of  which 
may  be  varied  by  a circular  screw.  Within  this  there  slides 
a second  tube,  which  is  provided  with  a lens  at  the  end  next 
the  slit,  a combination  of  flint  and  crown  glass  prisms  arranged 
alternately,  and  a circular  opening  at  the  other  end  for  the  eye 
of  the  observer.  In  its  passage  through  the  instrument,  white 
light  undergoes  dispersion  into  its  constituents  without  devia- 
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tion  of  the  light  in  the  middle  region  of  the  spectrum.  Direct 
the  spectroscope  towards  the  light  from  the  window,  adjust 
the  width  of  the  slit,  and  focus  until  the  dark  Fraunhofer’s 
lines  of  the  solar  spectrum  are  distinctly  seen.  Then  fix  the 
spectroscope  in  a suitable  holder,  with  the  slit  directed  towards 
a luminous  gas  fiame.  The  solutions  of  the  pigments  may  be 
examined  in  test-tubes,  in  wedge-shaped  glass  bottles,  or  in 
vessels  with  parallel  sides.  When  test-tubes  are  used,  it  must 
be  remembered  that  they  act  as  cylindrical  lenses,  and  care 
must  be  taken,  that  the  light,  after  passage  through  the  fluid 
in  the  test-tube,  is  focussed  as  a bright  line  on  the  slit.  A 
description  of  the  large  Kirchhoff  and  Bunsen  type  of  spectro- 
scope, giving  sufficient  detail  for  practical  work,  would  be 
beyond  the  scope  of  this  book.  Text  - books  of  practical 
physics,  e.g .,  Glazebrook’s  Physical  Optics , or  Wiedemann  and 
Ebert’s  Physikalisches  Praktikum,  may  be  consulted.  The 
position  of  absorption  bands  is  usually  stated  in  wave-lengths 
(X)  expressed  in  ^-6  of  a millimetre  (ggi). 

i.  Oxyhaemoglobin. 

On  gradually  diluting  a solution  of  1 volume  defibrin- 
atecl  blood  in  5 volumes  of  water , the  following  appearances 
will  be  seen  on  examination  loith  a small  direct  vision  spectro- 
scope. Concentrated  solutions  of  oxyhcemoglobin,  which,  to  the 
naked  eye,  appear  dark  red,  will  be  found  to  allow  light  to 
pass  through  the  red  region  of  the  spectrum  between  Fraun- 
hofer s lines  C and  D.  On  further  dilution,  light  will  also 
appear  in  the  green  region  of  the  spectrum.  Between  these 
two  regions  a broad  dark  absorption  band  will  be  noted.  On 
further  dilution  this  band  becomes  resolved  into  two — a narrow 
apparently  darker  band  a,  immediately  to  the  violet  side 
of  D,  and  a broader  apparently  fainter  band  /3,  lying  to  the 
red  side  of  E.  Introduce  into  the  flame  some  sodium  chloride, 
fused  to  a loop  of  platinum  wire.  A bright  yellow  line,  the 
D or  sodium  line,  will  appear.  Note  the  position  of  the 
absorption  band  a,  in  relation  to  D.  An  extension  of 
the  spectrum  towards  the  violet  will  be  also  noted  as  a result 
of  the  dilution.  Extremely  dilute  solutions  of  oxyhcemoglobin, 
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which  to  the  naked  eye  appear  of  a light  yellowish-red  tint , 
will  still  be  found  to  show  the  two  characteristic  bands.  The 
exact  position  of  the  bands  may  be  localised  if  a spectroscope 
be  used,  provided  with  either  a wave-length  or  an  arbitrary 
scale  ( Part  II.). 

2.  Reduced  haemoglobin. 

To  a solution  of  oxy haemoglobin,  diluted  so  as  to  show 
very  distinctly  the  a and  (3  bands,  add  a few  drops  of 
AMMONIUM  SULPHIDE.  In  a short  time  the  bright  yellowish- 
red  colour  of  the  solution  will  become  violet-red.  On  spectro- 
scopic examination,  a single  dark  absorption  band,  with  ill- 
defined  margins,  will  be  found  lying  between  D and  E.  The 
band  may  extend  a little  to  the  red  side  of  D.  The 
other  margin  of  the  band  does  not  reach  E.  When 

ammonium  sulphide  is  used  as  the  reducing  agent,  a narrow 
absorption  band  will  also  be  frequently  seen  in  the  red  region 
of  the  spectrum.  This  band  is  due  to  a specific  action  of  the 
ammonium  sulphide,  forming  probably  a sidphur  compound 
of  reduced  hcemoglobin.  It  certainly  does  not  correspond  to 
sulphomethcemoglobin,  as  prepared  in  the  usual  way. 

It  is  not  seen  if  Stokes’  reagent  be  used  as  the  reducing 
agent.  The  latter  reagent  has  also  the  advantage  of  acting 
more  quickly  than  ammonium  sidphide.  For  its  preparation, 
make  up  a 2 per  cent,  solution  of  ferrous  sulphate.  To  this 
add  2 to  3 per  cent,  of  tartaric  acid.  This  solution  can  be 
kept  for  a considerable  time.  Before  use,  a small  quantity 
placed  in  a test-tube  is  rendered  just  alkaline  with  ammonia. 
Add  a few  drops  of  the  alkaline  sohdion  to  a sohdion  of 
oxyhcemoglobin.  Note  the  rapid  change  in  colour  and  the 
appearance  of  the  single  band  of  reduced  hcemoglobin  on 
spectroscopic  examination. 

3.  Carbonic  oxide  haemoglobin. 

This  pigment  may  be  prepared  by  saturating  defibrinated 
blood  with  carbonic  oxide.  The  gas  may  be  readily  obtained 
by  the  action  of  concentrated  sulphuric  acid  upon  formic  acid. 
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The  stream  of  gas  should  be  allowed  to  pass  through  a,  wash 
bottle  containing  caustic  soda  before  reaching  the  defibrinated 
blood. 

(a)  The  solution  containing  carbonic  oxide  haemoglobin 
has  a brighter,  more  carmine-red  tint  than  that  of  oxy- 
hcemoglobin.  A dilute  solution  of  oxy haemoglobin  appears 
yellowish-red , while  a solution  of  carbonic  oxide  haemo- 
globin of  the  same  strength  has  a distinct  bluish-red  tint. 
This  difference  is  due  to  the  fact  that  solutions  of  car- 
bonic oxide  haemoglobin  absorb  less  of  the  light  in  the  blue 
and  violet  region  of  the  spectrum  than  solutions  of  oxy- 
hcemoglobin  of  corresponding  strength.  A dilute  solution  of 
carbonic  oxide  haemoglobin  shows  two  bands,  closely  resembling 
in  position  and  character  the  corresponding  bands  of  oxy- 
hcemoglobin,  but  situated  a little  nearer  the  violet  end  of  the 
spectrum.  Note  that  the  a,  band  is  farther  separated  from  the 
D line  than  the  a band  of  oxyhaemoglobin ; and  also  note 
whether  any  differences  can  be  made  out  as  to  the  respective 
breadths  and  degrees  of  absorption  in  the  absorption  bands  of 
the  two  pigments. 

( b ) To  some  dilute  solution  of  carbonic  oxide  haemo- 
globin add  a few  drops  of  ammonium  sulphide,  or  of 
Stokes  solution.  Note  that  the  two  bands  remain  unaltered 
in  position  and  character. 

(c)  To  some  blood  saturated  with  carbonic  oxide  add 
half  its  volume  of  concentrated  caustic  soda  solution.  The 
blood  saturated  with  carbonic  oxide  yields  a bright  red 
precipitate,  while  normal  blood,  when  similarly  treated,  gives 
a dark  brown  coloration.  After  standing,  the  difference 
becomes  less  marked. 

4.  Methaemoglobin. 

(a)  To  a small  quantity  of  diluted  defibrinated  blood 
(1  in  5)  add  a few  drops  of  a concentrated  solution  of 
potassium  or  sodium  ferricyanide  {these  should  be  freshly 
prepared).  Shake  the  mixture  vigorously.  Note  that  the 

solution  becomes  reddish-brown  in  colour,  the  particular  shade 
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depending  upon  the  reaction.  Dilute  a little  of  this  solution 
in  a test-tube  until  a dark  absorption  band  is  seen,  lying 
to  the  red  side  of  D.  On  farther  dilution,  two  faint  bands 
will  be  seen  lying  between  D and  E.  The  two  latter  bands 
closely  correspond  in  position  to  the  a and  (3  bands  of 
oxyhemoglobin.  A fourth  band,  may  also  be  seen  lying  in 
the  bluish-green  between  b and  F.  The  last  band  can  be 
much  better  seen  if  the  solution  of  the  pigment  be  examined 
with  the  aid  of  a large  Kirchlioff  and  Bunsen  spectroscope. 

(b)  To  a small  quantity  of  the  dilute  solution  of  met- 
hccmoglobin  add  a few  drops  of  ammonium  sulphide.  The 
absorption  bands  of  methcemoglobin  will  be  replaced  at  first 
by  the  two  bands  of  oxy haemoglobin,  and  ultimately  by  the 
single  band  of  reduced  haemoglobin. 

During  the  conversion  of  oxyhemoglobin  into  methemo- 
globin  there  is  given  off  a volume  of  oxygen  equal  to  that 
originally  combined  with  the  hemoglobin  present.  The 
course  of  the  reaction  is  probably  to  be  represented  by  the 
following  equation  : — 

Hb02  + 4Na3Fe(CN)6 + 2Na2C03  = Hb02  + 4Na4Fe(CN)6 + 2C02  + 02 
(Oxy-  (Met- 

hfemoglobin)  haemoglobin) 

The  C02  may  be  absorbed  by  means  of  ammonia  added 
to  the  blood  (Haldane,  see  p.  161). 

Other  reagents  may  be  used  in  the  preparation  of  met- 
haemoglobin.  The  chief  of  these  are  nitrites,  potassium  per- 
manganate, potassium  chlorate,  and  hydrogen  peroxide ; 
thus,  for  example — 

(c)  To  a 1 in  5 solution  of  defibrinated  blood  add  two 
drops  of  amyl  nitrite.  Shake  the  mixture  thoroughly,  dilute, 
and  examine  with  the  spectroscope. 

The  above  description  applies  to  the  spectrum  of  methre- 
moglobin  in  neutral  solution. 

id ) If  a solution  of  methcemoglobin  be  rendered  faintly 
alkaline  by  the  addition  of  a few  drops  of  ammonia,  alkaline 
methemoglobin  is  formed.  The  solution  acquires  a redder 
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tint , and  shows , o?i  spectroscopic  examination , tiuo  bands 
between  D and  E , somewhat  resembling  the  absorption  bands 
of  oxyhcemoglobin.  The  j3  band  is,  however , darker  than 
the  a band.  A third,  fainter,  band  lies  immediately  to  the 
red  side  of  D. 


5.  Action  of  acids  on  oxyhaemoglobin. 

(a)  Bender  diluted  defibrinated  blood  (1  in  30)  faintly 
acid  by  the  addition  of  a little  ‘4  per  cent,  hydrochloric  acid. 
The  solution  soon  acquires  a brown  colour,  and,  on  spectroscopic 
examination,  a band  is  seen  in  • the  red,  closely  resembling 
the  corresponding  band  of  methcemoglobin,  but  lying  a little 
nearer  the  red  end  of  the  spectrum.  Neutralise  the  solution 
with  a few  drops  of  dilute  ammonia,  and  shake  thoroughly. 
On  spectroscopic  examination,  the  bands  of  alkaline  met- 
haemoglobin  will  be  seen.  On  the  addition  of  a few  drops 
of  Stokes’  solution,  the  bands  of  methcemoglobin  will  be 
replaced  by  the  single  band  of  reduced  haemoglobin. 

The  pigment  formed  by  the  action  of  very  dilute  acids  on 
oxyhaemoglobin  has  been  termed  acid  haemoglobin.  By  more 
prolonged  action  of  acids,  the  oxyhaemoglobin  is  decomposed 
into  the  pigment  hcematin  and  the  proteid  globin. 

(b)  Acid  Hcematin. — To  some  diluted  defibrinated  blood 
(1  in  5)  add  one-fourth  its  volume  of  S3  per  cent,  acetic  acid. 
Mix  the  solutions  thoroughly,  and  heat  on  the  water  bath 
at  40°  to  50°  (boiling  produces  marked  turbidity)  for  at 
least  five  minutes.  Dilute  a small  quantity  of  the  solution 
and  examine  spectroscopically.  A distinct  absorption  band 
will  be  seen  in  the  red  lying  between  C and  D.  The  pig- 
ment formed  is  acid  haematin.  Bender  the  remainder  of 
the  solution  faintly  alkaline  by  the  gradual  addition  of 
dilute  caustic  soda,  and  then  filter.  To  the  filtrate  add 
some  ammonium  sulphide  or  Stokes’  solution. 

On  spectroscopic  examination,  the  solution  will  be  found 
to  show  the  two  characteristic  bands  of  hcemochromogen.  The 
aqueous  solution  of  acid  haematin  is,  as  a rule,  more  or  less 
turbid.  In  acid  alcohol  or  ether,  haematin  dissolves  to  form 
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a clear  solution,  better  fitted  for  spectroscopic  examination 
than  the  aqueous  one. 

(c)  To  some  defibrinated  blood  add  circa  half  its  volume 
of  glacial  acetic  acid,  and  at  least  an  equal  volume  of  ether. 
Mix  the  fluids  thoroughly.  The  acid  ethereal  solution  of 
haematin  rises  to  the  top.  Part  may  be  poured  off'  and  examined 
spectroscopically.  It  may  be  diluted,  when  necessary,  with 
acid  ether  ( 1 part  of  glacial  acetic  acid  to  2 parts  ether). 

The  solution  shows  a well-marked  band  in  the  red 
between  C and  D,  lying  nearer  C than  the  corresponding 
band  of  methaemoglobin.  Between  D and  F lies  a broad 
band,  with  ill-defined  margins. 

On  dilution,  the  latter  band  becomes  resolved  into  two 
bands — one,  the  narrower  and  fainter,  lying  in  the  light 
green  immediately  to  the  red  side  of  E ; the  other,  broader 
and  darker,  lying  in  the  green  between  b and  F.  A fourth, 
very  faint  band  may  also  be  made  out,  lying  on  the  violet 
side  of  D. 

(cl)  A solution  of  hmmatin  in  acid  alcohol  may  be 
obtained  by  the  following  method : — 

To  some  defibrinated  blood  add  sufficient  alcohol  to  pre- 
cipitate the  proteids.  Filter  off  the  precipitate  and  extract  it 
with  alcohol  containing  oxalic,  or  1 per  cent,  sulphuric  acid. 
A dark  brown  solution  of  hcematin  in  acid  alcohol  will  thus 
be  obtained. 

6.  Alkali-haematin. 

To  a small  quantity  of  diluted  defibrinated  blood  (1  in  5) 
add  half  its  volume  of  concentrated  caustic  soda ; mix  and 
heat  gradually,  nearly  to  the  boiling  point.  Cool  the  solution 
and  shake  up  with  the  air,  prior  to  examination  with  the 
spectroscope. 

The  latter  precaution  is  necessary,  since,  by  the  action  of 
the  alkali  on  defibrinated  blood,  reducing  substances  are  formed 
which  convert  part  of  the  alkali  hsematin  into  hsemochromogen. 
On  spectroscopic  examination  the  greenish-brown  solution 
shows  a broad  faint  absorption  band  lying  to  the  red  side  of 
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D.  The  band  extends  also  a short  distance  towards  the 
violet  side  of  D. 

7.  Reduced  alkali  haematin  (?)  or  haemochromogen 
in  alkaline  solution. 

Dilute  the  solution  of  alkali  hcematin  until  the  absorption 
band  is  no  longer  visible ; then  add  a few  drops  of  Stokes 
solution , or,  better,  ammonium  sulphide. 

The  greenish-brown  tint  of  the  solution  of  alkali-haematin 
changes  to  the  bright  red  colour  of  a solution  of  haemochro- 
mogen.  On  spectroscopic  examination,  a very  dark,  sharply 
defined,  narrow  band  will  be  found  lying  almost  midway 
between  D and  E.  A much  fainter  band  will  also  be  found 
lying  in  the  green  between  E and  b.  On  dilution  the  latter 
band  disappears  first. 

Now  add  a trace  of  aluminium  powder  to  a solution  of 
pure  hcematin  in  dilute  ammonia,  heat  gradually  to  the 
boiling  point,  then  cool. 

The  solution  acquires  a bright  red  colour,  and  shows  the 
spectrum  of  haemochromogen. 

In  acid  solution  reduced  haematin  is  very  unstable,  the 
iron  being  readily  detached  even  by  weak  acids  and  haemato- 
porphyrin  formed  (see  Part  II.). 

The  appearance  of  the  spectrum  of  haemochromogen,  pro- 
duced by  the  action  of  reducing  agents  upon  alkali  haematin, 
is  dependent  upon  the  presence  of  certain  impurities,  these 
including  ammonia  and  its  salts,  proteid  or  other  amine  com- 
pounds. The  following  experiments  will  demonstrate  this : — 

(a)  Place  small  quantities  of  pure  hcematin,  dissolved  in 
dilute  NaOH,  in  two  test-tubes.  To  the  one  portion  add 
a few  drops  of  10  per  cent,  glucose  solution  ; to  the  other  an 
equal  volume  of  a solution  of  alkali  albumin,  and  then  a 
few  drops  of  the  glucose  solution.  Heat  both  sohdions. 

Note  that  the  latter  acquires  a bright  red  colour,  while 
the  former  1 scarcely  alters  its  tint.  Examine  both  solutions 

1 The  slight  alteration  in  tint,  which  also  takes  place  in  the  former  solution, 
is  due  to  the  formation  of  coloured  products  by  the  action  of  the  alkali  upon 
the  glucose  (cf.  Moore’s  test). 
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spectroscopically.  That  containing  alkali  albumin  will  be 
found  to  show  the  spectrum  of  hsemochromogen,  while  the 
solution  containing  glucose  alone  shows  at  most  the  faint  band 
of  alkali  hsematin.  In  both  cases  reducing  substances  are 
formed  by  the  action  of  the  alkali  upon  glucose,  but  that 
these  are  not  sufficient  in  themselves  to  produce  hoemo- 
chromogen,  is  shown  by  the  fact  that,  until  such  a body  as 
alkali  albumin  is  added,  the  spectrum  remains  that  of  alkaline 
hsematin. 

(b)  Add  a trace  of  aluminium  powder  to  a solution  of 
pure  hcematin  in  dilute  NaOH.  Note  that  there  is  no 
apparent  alteration  in  colour.  Heat  cautiously.  Wait  until 
the  evolution  of  hydrogen  slackens.  Then  examine  spectro- 
scopically. 

The  bands  of  hsemochromogen  are  not  present.  The 
colour  of  the  solution  also  remains  unaltered. 

8.  Haematoporphyrin. 

To  10  c.c.  of  concentrated  sulphuric  acid , placed  in  a 
leaker,  add  a few  drops  of  defibrinated  blood,  stirring  the 
mixture  thoroughly  after  the  addition  of  each  drop.  A 
purple  solution  of  licematoporphyrin  or  iron  free  hcematin, 
showing  a red  fluorescence,  is  obtained.  Take  a small  quantity 
of  this  solution  in  a test-tube.  Dilute  it  with  glacial  acetic 
acid,  and  examine  with  the  spectroscope. 

(a)  Acid  H^ematoporphyrin. 

In  presence  of  free  mineral  acid,  a solution  of  lueruato- 
porphyrin  shows  two  well-marked  absorption  bands — a narrow 
dark  absorption  band  lying  in  the  orange  between  C and  D, 
close  to  D,  and  a second  broader  and  darker  band  lying- 
in  the  yellow-green,  nearly  midway  between  D and  E.  The 
margin  of  the  latter  band  lying  towards  the  violet  end  of  the 
spectrum  is  sharp  and  well  defined ; while  the  margin  towards 
the  red  end  of  the  spectrum  is  connected  with  an  area  of 
fainter  absorption,  which  ends  in  a darker  margin  a little  to 
the  violet  side  of  1). 
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(b)  Alkaline  HiEMATOPORPHYMN. 

Pour  the  greater  part  of  the  acid  solution  of  hcemato- 
porphyrin  into  excess  of  distilled  ivater.  Cool  the  solution 
and.  then  gradually  add  caustic  soda,  stopping  short  while  the 
solution  is  still  acid.  A pigmented  precipitate  separates  out , 
containing  the  greater  part  of  the  hcematoporpliyrin.  Pre- 
cipitation may  be  rendered,  more  complete  by  the  addition  of 
sodium  acetate.  Filter  off  the  precipitate  and  dissolve  it  in 
a small  quantity  of  dilute  caustic  soda. 

The  bright  red  solution  thus  obtained  shows  four  absorp- 
tion bands — a narrow  band  (a)  in  the  red,  about  midway 
between  C and  D ; a second  (fi)  broader  and  darker  band  in 
the  green,  lying  a little  to  the  violet  side  of  D ; a third  band 
(7)  also  situated  in  the  green,  between  D and  E,  and  extending 
a little  to  the  violet  side  of  E.  A fourth  broad  and  dark 
band  (8)  lies  at  the  junction  between  the  green  and  blue, 
extending  from  b to  F.  Of  these  bands  (a)  is  much  the 
faintest,  and  disappears  first  on  dilution. 


PREPARATION  OF  CRYSTALS  OF  HiEMIN. 

(a)  Let  a drop  of  blood  dry  on  a slide,  cover , and  allow 
a drop  of  glacial  acetic  acid  to  run  in  lender  the  cover-slip. 
Heat  to  the  boiling  point,  and  examine  with  the  microscope 
for  the  dark  brown  rhombic  crystals  of  hcemin.  If  these  have 
not  appeared,  repeat  the  treatment  with  glacial  acetic  acid. 
In  the  case  of  fresh  blood,  the  addition  of  sodium  chloride  is 
not  necessary  ; but,  in  the  case  of  dried  blood  stains,  it  is  safer 
to  add  a little  sodium  chloride  before  treating  the  stain  with 
glacial  acetic  acid.  Sketch  the  crystals. 

(b)  Method  of  Zeynek  and  Nencki. 

Take  1 0 c.c.  of  defibrinated  blood.  Precipitate  the  pro- 
teids  by  the  addition  of  acetone.  Filter  off  the  precipitate  and 
extract  it  ivith  10  c.c.  of  acetone,  previously  acidified  with 
tiuo  or  three  drops  of  hydrochloric  acid.  Place  a drop  of 
the  dark-brown  solution  of  hcemin  on  a slide,  cover  and 
examine  ivith  the  microscope.  As  the  acetone  evaporates, 
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minute  crystals  of  hcemin  separate  out.  In  order  to  obtain 
larger  crystals,  evaporate  the  acetone  solution  of  hcemin  to 
about  half  its  bulk,  cool  and  leave  in  a stoppered  vessel  over 
night.  A deposit  of  hcemin  crystals  will  be  found  adhering 
to  the  bottom  and  sides  of  the  vessel.  Note  their  bluish-black 
colour  and  metallic  lustre.  On  microscopic  examination,  the 
hcemin  will  be  found  to  have  separated  out  in  the  form  of 
long  rhombic  needles,  largely  arranged  in  rosettes  and  sheaves. 
Filter  off  the  precipitate  and  dissolve  in  dilide  caustic  soda 
or  ammonia.  The  dilute  alkali  decomposes  the  hcemin  into 
hcematin,  which  dissolves  in  excess  of  the  alkali,  and  sodium 
or  ammonium  chloride.  Add  Stokes  solution,  or  ammonium 
sulphide,  to  a small  portion  of  the  alkaline  solution  of  hcematin, 
and  examine  spectroscopically  = spectrum  of  hcemochromogen. 
Acidify  the  rest  of  the  solution  with  dilide  acetic  acid.  A 
voluminous  dark-brown  precipitate  of  hcematin  separates  out. 

I 

(c)  Schalfejeff’s  Method  for  the  Preparation  of 
Hcemin. 

Heat  20  c.c.  of  glacial  acetic  acid,  which  has  previously 
been  saturated  with  sodium  chloride,  to  90—95°.  Then  add 
4 c.c.  of  defibrinated  blood,  and  keep  the  mixture  heated  for 
half  an  hour , at  the  same  time  stirring  it  frequently.  Filter 
the  solution  while  hot  into  a narrow  beaker,  and  allow  it  to 
stand  for  twenty-four  hours.  Siphon  off  the  supernatant 
fluid  from  the  deposit  of  crystals  which  has  separated  out , 
and  wash  with  water  by  decantation.  The  washing  may  be 
much  facilitated  by  the  use  of  the  centrifuge. 

Examine  the  crystals  microscopically,  and  compare  them 
with  those  prepared  by  the  previous  method,  noting  the 
differences  in  shape  and  arrangement  of  the  crystals. 

EXAMINATION  OF  BLOOD  STAINS  (e.g.  ON  CLOTH). 

Cut  out  the  piece  of  stained  cloth  and  extract  with  ‘9  per 
cent.  NaCl.  Examine  a drop  of  the  extract  microscopically 
for  red  blood  corpuscles.  Concentrate  the  remainder  of  the 
fluid  on.  the  water  bath,  and  test  for  the  formation  of  hcemin. 
A still  more  delicate  test  for  blood  so  obtained  depends  upon 


BLOOD  PIGMENTS 


89 

the  preparation  of  hcemochromogen.  Heat  the  stained,  piece 
of  cloth  with  1 per  cent,  caustic  soda.  Cool  and  filter  the 
solution.  Add  ammonium  sulphide  or  Stokes  solution  to  the 
filtrate , and  examine  spectroscopically. 

DETECTION  OE  THE  IRON  IN  HiEMATIN. 

Evaporate  an  ammoniacal  solution  of  hcematin  to  dryness 
in  a porcelain  crucible.  Incinerate  the  dry  residue.  Add.  a 
few  drops  of  pure  concentrated  HNO%  and  again  incinerate. 
Dissolve  the  residue  in  pure  dilute  HCl.  Filter  through 
ash-free  filter  paper.  Add  some  potassium  ferrocyanide  to 
the  filtrate.  A precipitate  of  Prussian  blue  forms. 


CHAPTER  XII 


MILK 

I.  GENERAL  CHARACTERS. 

{a)  Take  the  reaction  of  fresh  coin's  milk. 

It  is  amphoteric,  i.e.,  it  reddens  blue  litmus  paper,  blues 
red,  and  leaves  violet  litmus  unchanged.  This  is  due  to  the 
presence  of  the  two  classes  of  phosphates,  the  mono-  and 
di-alkaline  phosphates ; the  reaction  with  blue  litmus  paper 
being  due  to  the  former  (the  acid  salt),  and  that  with  the  red, 
to  the  latter  (the  alkaline  salt). 

(b)  Take  the  specific  gravity  with  urinometer. 

It  varies  from  1028  to  1035. 

(c)  Heat  some  milk  in  test-tube.  No  coagulation  occurs ; 
but  a skin  gradually  forms  on  the  surface. 

(i d ) Its  opacity  is  due  to  the  presence  of  fine  fat 
globules. 

Shake  up  a little  milk  with  twice  its  volume  of  ether  in 
a test- tube.  The  opacity  is  scarcely  affected.  Add  a few 
drops  of  caustic  soda  to  a small  quantity  of  milk  in  a test- 
tube , then  shake  with  twice  its  volume  of  ether.  The  solution 
lying  subjacent  to  the  ether  becomes  translucent. 

( e ) The  Guaiac  reaction  succeeds  with  fresh  milk  as 
with  blood. 

Compare  with  the  behaviour  of  previously  boiled  milk. 

(/)  For  the  action  of  the  rennet  ferment,  see  p.  49. 

oo 


\ 


I 


MILK 


91 


II.  DETECTION  AND  PARTIAL  SEPARATION  OF 
THE  CHIEF  CONSTITUENTS. 

Dilute  1 volume  of  milk  with  3 volumes  of  water. 
Then  add  acetic  acid , drop  by  drop , shaking  after  each 
addition  of  acid , until  a flocculent  precipitate  of  casein  ogen, 
with  adhering  fat,  is  thrown  down.  Filter.  To  the  filtrate 
add  one-fourth  its  volume  of  a saturated  solution  of  sodium 
chloride , and  heat.  A precipitate  of  lactalbumin  and  lacto- 
globulin  is  thrown  down.  Again  filter , and  neutralise  the 
filtrate  with  dilute  caustic  soda.  Test  a small  quantity  of  the 
filtrate  byFeliling  or  Trommer  = reduction.  Test  another  small 
portion  of  the  filtrate  with  Barfoed's  reagent  = no  reduction. 

The  reduction,  in  the  first  case,  is  due  to  the  presence  of 
lactose.  For  other  tests  for  lactose,  see  p.  13. 

Test  the  second  filtrate  also  for  phosphates  by  the  follow- 
ing methods : — 

(a)  Add  to  a small  quantity  of  the  solution , magnesia 
mixture  = a precipitate  of  ammonium  magnesium  phosphate. 

(b)  Acidify  with  acetic  acid , heat  the  solution , and  then 
add  uranium  acetate  as  long  as  the  precipitate  which  forms 
continues  to  increase. 

(c)  Render  strongly  acid  with  nitric  acid.  Then  add  at 
least  an  equal  volume  of  the  solution  of  ammonium  molybdate , 
and  heat  to  40—50°.  A yellow  precipitate  of  ammonium 
phosphomolybdatc  separates  out. 

For  the  separation  of  fat  by  Soxhlet’s  method,  see  p.  167. 


III.  PRECIPITATION  OF  CASEINOGEN  AS  A SALT. 

In  milk,  the  caseinogen  is  in  solution  in  the  form  of  its 
neutral  calcium  salt.  Free  caseinogen  is  insoluble  in  water, 
and  the  above  method  of  separation  is  dependent  on  the  fact 
that  acetic  acid  decomposes  the  salt  into  free  caseinogen  and 
calcium  acetate.  It  may  be  precipitated  as  a salt  by  half 
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saturation  with  ammonium  sulphate,  or  by  complete  saturation 
with  sodium  chloride  or  magnesium  sulphate. 

1.  To  a small  quantity  of  milk  add  am  equal  volume  of 
a saturated  solution  of  ammonium  sulphate ; the  caseinoejen 
separates  out  in  the  form  of  a salt.  Filter. 

2.  Saturate  the  filtrate  with  finely -powdered  ammonium 
sulphate  = a precipitate  of  laetalbumin. 

GENERAL  CONSIDERATIONS  ON  THE 
EXAMINATION  OF  ORGANS. 

The  organs  must  be  examined  as  soon  as  possible  after 
the  death  of  the  animal.  The  animal  should  be  killed  by 
bleeding,  in  order  to  obtain  the  organs  as  free  as  possible 
from  blood.  In  certain  cases,  it  may  be  also  necessary  to 
wash  out  the  vessels  of  the  animal  or  of  the  individual  organs 
with  ’9  per  cent,  solution  of  sodium  chloride.  Adhering 
connective  tissue,  blood  vessels,  nerves,  etc.,  are  dissected  off, 
and  the  organs  then  finely  subdivided  by  means  of  a mincing 
machine.  The  pulp  may  then  be  rubbed  up  with  sand  in  a 
mortar.  In  isolating  the  cells  of  glandular  organs,  it  will 
frequently  be  found  useful  to  press  the  elements  through 
muslin  previously  freed  from  starch  by  washing.  The  greater 
part  of  the  connective  tissue  and  vessels  will  be  retained  by 
the  muslin. 

GENERAL  SCHEME  FOR  THE  EXAMINATION  OF 

ORGANS  FOR  PROTEIDS. 

1 . Extract 1 thoroughly  with  water.  Filter  the  extract 
first  through  calico,  and  then  through  filter  paper  under 
reduced  pressure. 

2.  Extract  the  residue  with  T to  • 2 per  cent,  solution  of 
sodium  carbonate,  and  filter  off  the  alkaline  extract. 

3.  Extract  the  second  residue  with  5 per  cent,  magnesium 
sulphate  or  sodium  chloride,  or  with  10  per  cent,  ammonium 
chloride. 

1 In  this,  and  all  similar  cases,  extraction  is  greatly  accelerated  l>y  the  use 
of  a bottle-shaker. 
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The  first  extract  may  contain  the  greater  part  of  the 
albumins,  some  nuclco-proteid , and  mucins.  It  will  contain 
little  or  no  globulin. 

The  second  extract  may  contain  nucleo-proteids  and  some 
albumin. 

The  third  extract  will  chiefly  contain  globulins. 


MUSCLE. 

I.  PROTEIDS  OF  FEESH  MUSCLE  WHICH  HAS 
NOT  UNDERGONE  RIGOR  MORTIS. 

The  blood  vessels  of  a rabbit  are  washed  out  with  a 
stream  of  *9  per  cent,  sodium  chloride,  injected  through  the 
aorta.  The  muscles  are  then  removed,  minced,  and  extracted 
for  twenty-four  hours  with  5 per  cent,  magnesium  sulphate. 
The  salt  extract  is  then  filtered  through  well-washed  calico. 

Perform  the  following  tests  with  this  extract : — 

1.  Dilute  1 volume  of  the  extract  with  4 volumes  of 
water , and  place  the  solution  on  the  water  bath  at  40°.  A 
clot  of  myosin  gradually  forms.  Pour  off,  and  filter  the 
muscle  serum.  On  heating  it,  a coagulum  appears  at  63°. 
If  this  be  filtered  off,  a further  coagidum  is  obtained  at  73°. 

2.  Add  a few  drops  of  dilute  acetic  acid  to  some  of  the 
extract.  A precipitate  of  myosinogen  is  produced. 

3.  On  heating  the  extract,  coagida  of  different  protcids 
may  be  obtained  at  47°,  56°,  63°,  and  73°. 

4.  Neutrcdise  the  saline  extract,  and  then  saturate  with 
magnesium  sulphate.  The  globulins  are  precipitated.  Filter 
and  heat.  A coagulum  forms  at  73°  C. 


II.  PROTEIDS  OF  MUSCLE  WHICH  HAS 
UNDERGONE  RIGOR  MORTIS. 

Fresh  meat  is  freed  from  adhering  connective  tissue  and 
fat,  then  finely  minced,  and  extracted  with  water.  The 
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mixture  is  filtered  through  calico,  and  then  through  paper, 
with  the  aid  of  the  filter  pump.  The  residue  is  then  extracted 
for  twenty-four  hours  with  1 5 per  cent,  solution  of  ammonium 
chloride. 

1.  Perform  the  following  tests  with  the  Aqueous 
Extract  : — 

(a)  The  reaction  is  acid  to  litmus  paper. 

(b)  On  heating , a coagulum  is  obtained  at  55°.  The 
filtrate  coagulates  at  65°,  and  the  third  filtrate  at  73°. 

2.  Saline  Extract. 

(a)  Add  a few  drops  of  the  saline  extract  to  excess  of 
distilled  water  = precipitate  of  myosin. 

(b)  To  some  of  the  solution,  add  an  equal  volume  of  a 
saturated  solution  of  ammonium  sulp>hate.  A precipitate  of 
myosin  forms.  Filter. 

(c)  Saturate  the  filtrate  with  finely  powdered  ammonium 
sulphate , heating  the  solution  to  about  30°  C.  Filter.  Test 
the  filtrate  by  the  xanthoproteic  reaction.  A negative  result 
is  obtained. 

(d)  Heat  some  of  the  extract  to  the  boiling  point.  Filter , 
acidify  until  acetic  acid , and  add  some  solution  of  am- 
monium oxalate.  A precipitate  of  calcium  oxalate  forms. 


CHAPTER  XIII 


NORMAL  CONSTITUENTS  OF  URINE 

GENERAL  CHARACTEES. 


i.  Colour. 

Note  that  normal  urine  is  a transparent  yellow  fluid. 
When  shaken,  the  froth  which  forms  rapidly  disappears  on 
standing. 

The  intensity  of  the  yellow  colour  as  a rule  varies  with 
the  concentration,  from  a light  yellow  to  orange  or  red-brown. 
Diabetic  urine  is  an  exception  to  this  rule. 

2.  Dip  red  and  blue  litmus  paper  into  the  urine. 

The  reaction  of  fresh  human  urine  is  acid  to  litmus 
paper.  The  acidity  is  not  due  to  free  acid,  but  to  acid 
phosphates.  Variations  in  reaction  are  mainly  dependent 
upon  the  nature  of  the  diet,  digestion,  and  the  amount  of 
water  excreted.  If  urine  be  allowed  to  stand  in  a warm 
place,  ammoniacal  fermentation  takes  place,  the  urea  being 
converted  into  ammonium  carbonate  by  the  action  of  the 
Micrococcus  urece. 

3.  Specific  gravity. 

Take  the  specific  gravity  with  a urinometer. 

It  is  extremely  variable.  The  average  is  from  l'0 17  to 
1-020.  The  urinometers  are  graduated  for  a fixed  tempera- 
ture. When  used  for  taking  the  specific  gravity  of  a urine, 
at  a temperature  above  or  below  the  standard  temperature, 

the  following  correction  has  to  be  made : — For  each  3° 

95 


96 


PHYSIOLOGICAL  CHEMISTRY 


above  the  standard  temperature,  '001  is  to  be  added 
to  the  reading  of  the  urinometer ; while  for  each  3° 
below  the  standard  temperature,  ‘001  is  to  be  subtracted 
from  the  reading.  If,  for  example,  a urinometer,  graduated 
at  15°  C.,  indicates  a specific  gravity  of  1*016  in  a urine,  the 
temperature  of  which  is  21°  C.,  the  specific  gravity  of  the 
urine  at  15°  C.  would  be  1*0 16  -f  *002  = 1*018. 

The  specific  gravity  may  also  be  taken  with  the  pykno- 
rneter  (see  p.  126). 

4.  Volume. 

The  volume ' varies  with  the  amount  of  liquid  taken  with 
the  food,  and  with  the  excretion  of  water  by  other  channels 
than  the  kidneys.  It  is  generally  largely  increased  in  diabetes, 
and  diminished  in  febrile  conditions.  Average  amount  for 
adult,  1500  c.c.  (see  p.  125). 


CHIEF  NORMAL  CHEMICAL  CONSTITUENTS. 

I.  INORGANIC  CONSTITUENTS. 

1.  Chlorides. 

To  a small  quantity  of  urine  add  silver  nitrate ; a 
precipitate  of  silver  chloride  and  phosphate  forms.  Acidify 
with  nitric  acid ; the  silver  phosphate  dissolves , while  the 
silver  chloride  remains  undissolved.  The  latter  also  dissolves 
in  ammonia. 

Amount  varies  with  the  quantity  of  chlorides  in  the  food. 
It  is  much  diminished  in  febrile  conditions  and  during  the 
formation  of  pathological  exudates.  Average  daily  amount 
excreted  by  an  adult,  about  15  grms. 

2.  Phosphates  are  present,  as  acid  phosphates  of  the 
alkalies,  and  of  calcium  and  magnesium. 

(i)  (a)  Render  a small  quantity  of  urine  alkaline  by  the 
addition  of  caustic  soda , and  heat  gently.  A precipitate  of 
calcium  (CAfPOf) 2)  and  magnesium  phosphates  (MgfPOff 
forms.  Filter. 
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(i b ) The  filtrate  contains  the  soluble  alkaline  phosphates. 
Add  magnesia  mixture  to  the  filtrate ; the  soluble  phosphates 
arc  precipitated  in  the  form  of  ammonio  - magnesium 
phosphate  (i triple  phosphate). 

2.  Both  alkaline  and  earthy  phosphates  may  be  pre- 
cipitated by  nraninm  acetate. 

Render  a small  quantity  of  the  urine  distinctly  acid 
with  an  acetic  acid  solution  containing  sodium  acetate , and 
then  add  a solution  of  uranium  acetate  as  long  as  a precipit- 
ate continues  to  form.  Heat  the  fluid  to  about  80°  C.  in 
order  to  complete  the  precipitation. 

3.  Both  alkaline  and  earthy  phosphates  may  also  be 
precipitated  by  an  acid  solution  of  ammonium  molybdate. 

Render  a small  quantity  of  urine  strongly  acid  by  the 
addition  of  nitric  acid,  then  add  excess  of  acid  ammonium 
molybdate  solution,  and  heat  to  about  50°  C.  The  fluid  first 
becomes  yellow.  Later,  a precipitate  of  ammonio -phospho- 
molybdate  separates  out. 

Average  daily  amount  of  P205  excreted,  2 ’5  grms.  The 
quantity  varies  mainly  with  the  amount  of  phosphates  in  the 
food.  In  part,  it  also  varies  with  the  quantity  of  organically 
combined  phosphorus  in  the  diet,  and  the  extent  of  de- 
composition of  substances  containing  phosphorus  within  the 
organism. 


3.  Sulphates. 

1.  To  some  urine  add  baryta  mixture,  as  long  as  a 
precipitate  continues  to  form.  The  precipitate  consists  of 
barium  phosphate  and  sulphate.  Acidify  with  hydrochloric 
acid.  The  barium  sulphate  remains  undissolved,  while  the 
barium  phosphate  dissolves. 

This  precipitate  contains  the  whole  of  the  inorganic 
sulphates.  The  sulphuric  acid  of  the  urine  also  exists  in  the 
form  of  ethereal  compounds,  with  phenol,  indoxyl,  and  other 
aromatic  substances.  The  latter  form  soluble  barium  salts. 

2.  For  the  detection  of  the  ethereal  sulphates,  filter  off 
the  precipitate  of  barium  sulphate,  and  boil  the  acid  filtrate. 

7 
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The  solution  clouds  slightly  on  boiling , due  to  the  decomposi- 
tion of  the  ethereal  sulphates  into  barium  sulphate , and  the 
aromatic  substances  with  which  the  sulphuric  acid  was 
previously  in  ethereal  combination. 

The  average  quantity  of  sulphuric  acid  excreted  in  the 
form  of  sulphates  during  the  twenty-four  hours  is  2 ’5  grms. 
The  sulphuric  acid  of  the  urine  arises  only  to  a very  slight 
extent  from  the  sulphates  of  the  food.  By  far  the  greater 
proportion  is  derived  from  the  decomposition  of  proteids  within 
the  organism.  The  quantity  excreted  varies  directly  with 

N 

the  excretion  of  nitrogen.  The  relation  has  the 

° h2so4 

fairly  constant  value  5. 


The  chief  metals  of  the  urine  are  sodium,  potassium, 
ammonium,  calcium,  magnesium,  and  iron. 

4.  Sodium. 

Evaporate  to  dryness  about  20  c.c.  of  urine.  Introduce , 
by  means  of  a loop  of  clean  platinum  wire , a small  quantity  of 
the  crystalline  residue  into  a Bunsen  flame.  Note  the  yelloiv 
colour  of  the  flame , and,  on  spectroscopic  examination,  the 
bright  yellow  sodium  line. 

The  quantity  of  sodium  excreted  varies  from  4 to  7 grms. 
in  the  twenty-four  hours’  urine. 

5.  Potassium. 

Evaporate  over  the  open  flame  100  c.c.  of  urine  to 
about  one-eiglith  of  its  bulk.  Allow  the  solution  to  cool,  then 
filter.  To  the  filtrate  add  a little  concentrated  solution  of 
tartaric  acid,  or  better,  of  sodium  hydrogen  tartrate.  Mix  the 
fluids  well.  On  standing  overnight  in  a cool  place,  crystals  of 
acid  potassium  tartrate  separate  out.1 

The  quantity  of  potassium,  reckoned  as  K20,  excreted  in 

1 Acid  ammonium  tartrate  may  also  be  present.  The  two  salts  may  be  dis- 
tinguished from  one  another  by  the  fact  that  on  complete  inciueration  the 
potassium  salt  leaves  an  alkaline  residue,  while  the  ammonium  salt  is  volatilised. 
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the  twenty-four  hours,  varies  from  2 to  4 grms.  The  quantity 
of  sodium  and  potassium  excreted  is  largely  dependent  on 
their  amounts  in  the  food. 

6.  For  the  detection  of  ammonia,  see  p.  137. 

7.  Calcium. 

Render  200  c.c.  of  urine  strongly  alkaline  w>ith  ammonia, 
then  heat.  After  a few  minutes  filter  off  the  precipitate  of 
earthy  phosphates.  Dissolve  the  precipitate  in  dilute  acetic 
acid.  To  the  clear  filtrate  add  ammonium  oxalate,  and  heat 
gently.  A precipitate  of  calcium  oxalate  forms.  Examine 
part  of  the  precipitate  with  the  microscope. 

8.  Magnesium. 

Filter  off  the  precipitate  of  calcium  oxalate,  and  render 
the  filtrate  alkaline  with  ammonia.  A precipitate  of  am- 
monium magnesium  phosphate  forms,  on  standing. 

The  average  amount  of  calcium,  reckoned  as  calcium 
oxide,  excreted  in  the  twenty-four  hours,  is  *160  grm. ; that 
of  magnesia,  about  -23  grm. 

9.  The  iron  in  the  urine  appears  to  exist  only  in  organic 
combination,  and  the  quantity  is  extremely  small.  It  can 
only  be  detected  in  normal  urine,  after  evaporation  and  in- 
cineration of  the  residue  (cf.  “ Iron  in  Hsematin  ”). 


II.  ORGANIC  CONSTITUENTS. 

i.  Urea. 

By  far  the  most  important  of  the  organic  constituents 
is  urea. 

1.  Preparation  of  Urea. 

Place  about  50  c.c.  of  urine  in  a porcelain  basin  on  the 
water  bath,  and  evaporate  down  to  about  one-fifth  of  its  original 
bulk.  Cool  the  concentrated  urine}  Filter.  Place  a drop 

1 This  is  best  done  by  finally  floating  the  basin  on  ice  water. 
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of  the  concentrated  urine  on  a slide.  Mix  with  a drop  of 
pure  concentrated  nitric  acid,  and  examine  under  the  micro- 
scope. Thin  plate-like  crystals  of  urea  nitrate  separate  out. 
To  the  remainder  of  the  concentrated  urine  add  an  equal 
volume  of  pure  concentrated  nitric  acid.  Keep  the  mixture 
cool  during  the  addition.  Glistening  plate-like  crystals  of  urea 

nitrate  separate  out.  Pour  off  the  excess  of  fluid  and  dry 
the  crystals  on  a porous  porcelain  plate. 

For  the  preparation  of  urea  from  urea  nitrate,  larger 
quantities  of  urine  must  be  used  (see  Part  II.). 

For  the  following  tests  for  urea  use  pure  dry  urea. 

2.  Solubilities. 

Urea  dissolves  readily  in  an  equal  weight  of  water  to 
form  a neutral  solution.  It  dissolves  less  readily  in  cold 
absolute  alcohol  (about  1 in  5).  Boiling  alcohol  dissolves 
about  an  equal  weight  of  urea. 

Dissolve  with  the  aid  of  heat  a little  urea  in  a few 
drops  of  alcohol.  Place  a drop  of  the  solution  on  a slide , 
and  examine  microscopically  the  crystals  of  urea  which 
separate  out  in  the  form  of  four-sided  prisms. 

Urea  is  insoluble  in  pure  ether  (free  from  water  and 
alcohol)  and  in  chloroform. 

3.  Dissolve  a few  crystals  of  urea  in  a few  drops  of 
water.  Add  an  equal  volume  of  a saturated  solution  of 
oxalic  acid.  Crystals  of  urea  oxalate  separate  out  as  thick 
rhombic  plates.  Place  a small  quantity  on  a slide , cover,  and 
examine  microscopically. 

4.  To  a concentrated  aqueous  solution  of  urea  add  an 
equal  volume  of  pure  nitric  acid,  keeping  the  solution  cool 
during  the  addition  of  the  acid.  A copious  deposit  of  crystals 
of  urea  nitrate  separates  out.  The  crystals  have  the  form  of 
irregular  hexagonal  plates. 

5.  Place  a small  quantity  of  urea  in  a dry  test-tube. 
On  heating,  the  urea  melts  and  gives  off  ammonia,  which  may 
be  detected  by  the  usual  methods.  A sublimate  of  ammonium 
carbonate  is  deposited  on  the  sides  of  the  test-tube.  Continue 
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the  heating  until  the  melted  mass  commences  to  solidify.  By 
heating  urea  above  its  melting  point  biuret  is  formed. 


2coP;-nh' 


conh2 

CONHo 


+ NIL 


(Biuret). 


Cool  the  residue  and  dissolve  in  dilute  caustic  soda.  Then 
add  a few  drops  of  very  dilute  cupric  sulphate  solution  = a 
pink  solution. 


6.  Melting  Point  Determination. 

• 

Take  a small  sample  of  finely  powdered  urea , previously 
dried  in  vacuo  at  room  temperature.  Place  it  in  a watch 
glass.  Then  scoop  up  a little  of  the  urea  with  the  open 
end  of  a small  capillary  tube  ( about  2J  in.  long,  and 
closed  at  one  end).  The  urea  can  then  be  displaced  to  the 
bottom  of  the  tube  by  tapping  the  closed  end  on  the  bench. 
The  urea  shoidd  form  a column  of  about  4 mm.  length  at 
the  bottom  of  the  tube.  The  tube  is  then  attached  to  a 
thermometer  either  by  simply  moistening  the  bulb  of  the 
thermometer  with  sidphuric  acid , or  by  means  of  a rubber 
band , and  the  melting  point  taken  in  a sidphuric  acid  bath 
in  the  manner  already  described. 

Urea  melts  at  130°  to  132°  C. 


7.  Again , heat  a small  quantity  of  urea  in  a dry  test- 
tube.  Continue  the  heeding  until  the  mass  has  completely 
solidified.  Then  cool  and  dissolve  the  residue  in  dilute 
caustic  soda.  On  acidifying  the  alkaline  solution  by  the 
gradual  addition  of  dilute  hydrochloric  acid , a precipitate  of 
cyanuric  acid  is  thrown  down. 

C(OH)  = N 


3CO(NH2)2  = N C(OH)+  3NH3 

\ ^ 

C(OH) — N 

(Cyanuric  acid). 

8.  Heat  a small  quantity  of  urea  on  a piece  of  platinum 
foil.  It  first  melts,  giving  off  ammonia,  then  solidifies  to 
form  cyanuric  acid,  and  ultimately  volatilises  completely, 
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leaving  no  residue.  On  heating , each  molecide  of  cyanuric 
acid  breaks  up  into  three  molecules  of  cyanic  acid. 

C3O3N3H3  = 3N  = C.OH 

9.  To  a dilute  aqueous  solution  of  urea  add  gradually 
some  aqueous  solution  of  mercuric  nitrate.  A white  pre- 
cipitate of  variable  composition , containing  urea  in  combin- 
ation with  mercuric  nitrate , separates  out.  The  precipitate 
is  soluble  in  sodium  chloride  solution. 

• 

10.  To  a small  quantity  of  an  aqueous  solution  of  urea 
add  some  solution  of  sodium  hypobromite,  bubbles  of  nitrogen 
are  evolved.  The  carbon  dioxide  which  is  also  formed  is 
fixed  by  the  alkali  present. 

CO(NH2)2  + 3NaBrO  = C02+N2+2H20  + 3NaBr 

11.  To  a small  quantity  of  an  aqueous  solution  of  urea 
add  a few  drops  of  a saturated  aqueous  solution  of  sodium 
nitrite , and  acidify  with  dilute  hydrochloric  acid.  Bubbles 
of  nitrogen  and  carbon  dioxide  are  evolved.  The  presence  of 
the  latter  gas  may  be  demonstrated  if  the  test-tube  be  fitted 
with  a bored  stopper,  through  which  a bent  glass  tube  is  passed. 
By  means  of  the  glass  tube  the  gases  are  passed  over  baryta 
water.  A precipitate  of  barium  carbonate  forms. 

CO(NH2)2+  2NaN02+  2HC1  = C02+  2NS  + 2NaCl+  3H20 

12.  Heat  a few  crystals  of  urea  with  aqueous  caustic 
soda.  Ammonia  is  evolved  and  sodium  carbonate  formed. 

CO(NH2)2+  2NaOH  = Na2C03+  2NH3 

13.  Urea  forms  compounds  with  aldehydes.  The  most 
important  of  these  compounds  is  that  with  furfurol.  Add 
four  drops  of  concentrated  hydrochloric  acid  to  2 c.c.  of  a 
freshly  prepared  concentrated  aqueous  solution  of  furf  urol.  If 
the  furfurol  have  not  undergone  oxidation,  the  mixture  should 
not  acquire  a red  colour  on  standing.  Dissolve  a crystal  of 
urea  in  the  acid  furfurol  solution.  In  a few  minutes  the 
solution  acquires  a deep  violet  colour. 
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The  quantity  of  urea  excreted  varies  with  the  amount  of 
proteid  decomposition  in  the  organism.  The  average  amount 
excreted  by  an  adult  in  twenty-four  hours  is  about  30  grins. 

2.  Uric  acid. 

1.  Preparation  from  Human  Urine. 

Mix  100  c.c.  urine  with  5 c.c.  of  concentrated  hydro - 
chloric  acid,  and  allow  the  mixture  to  stand  for  twenty -four 
hours.  A dark  red-brown  deposit  will  be  found  to  have 
separated  out  on  the  bottom  and  sides  of  the  vessel,  some  also 
frequently  floating  on  the  surface.  Filter  some  of  the  solu- 
tion. Place  some  of  the  deposit  on  a slide,  cover,  and  examine 
microscopically.  Note  highly  pigmented  crystals  of  uric 
acid  of  great  variety  of  form.  The  fundamental  form  is 
rhombic  or  whetstone.  The  uric  acid  may  be  purified  by 
repeated  solution  in  dilute  caustic  alkali  and  'precipitation 
with  hydrochloric  acid. 

2.  Preparation  from  Serpent’s  Urine. 

Dissolve  a small  quantity  of  serpent's  urine,  with  the  aid 
of  heat,  in  5 per  cent,  caustic  soda  solution.  Note  that 
ammonia  is  given  off.  Cool  and  filter  the  solution.  Four 
the  alkaline  solution  into  excess  of  hot  dilute  hydrochloric  acid 
(1  in  5).  A copious  precipitate  of  uric  acid  separates  out. 
Cool  the  solution,  filter  off  the  precipitate,  and  wash  with 
water.  Examine  a small  quantity  of  the  deposit  microscopic- 
ally. Note  the  small  colourless  transparent  rhombic  plates  of 
uric  acid. 

3.  Salts  of  Uric  Acid. 

Uric  acid  is  a dibasic  acid,  forming  neutral,  e.g.,  sodium 
urate,  C5N403H2]Sra2,  and  acid  salts  (C5N403H3Na).  The 
acid  salts  are  capable  of  uniting  with  another  molecule  of 
uric  acid  to  form  quadriurates  (e.g.,  C5N403H3Na,  C5N403H4). 
In  the  presence  of  water,  sodium  quadriurate  becomes 
gradually  decomposed  into  free  uric  acid  and  monosodium 
hydrogen  urate. 
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Mix  a small  quantity  of  serpent's  urine  {which  contains 
quadriurates)  on  a slide  with  a little  distilled  water , cover , 
and  examine  microscopically.  Note  that  small  rhombic  crystals 
of  uric  acid  gradually  separate  from  the  amorphous  deposit. 

Roberts  has  described  a method  for  the  preparation  of 
sodium  quadriurate,  by  dissolving  uric  acid  (2  grins.)  in 
100  c.c.  of  a hot  5 per  cent,  solution  of  sodium  acetate,  filter- 
ing while  hot,  and  allowing  to  cool  slowly.  Spherules  of 
sodium  quadriurate  showing  radial  striations  separate  out 
on  cooling. 

Pure  uric  acid,  prepared  from  serpent’s  urine,  is  to  be 
used  for  the  following  tests : — 

4.  Solubilities. — Note  that  the  acid  is  almost  insoluble 
in  water  (1  in  16,000  parts).  In  boiling  water  it  is  relatively 
much  more  soluble  (1  in  1600). 

{a)  Heat  a small  quantity  of  uric  acid  with  excess  of 
water.  Cool.  Test  the  solution  with  a slip  of  blue  litmus 
paper. 

No  reddening  of  the  paper  is  produced,  owing  to  the 
slight  solubility  of  the  acid. 

(b)  It  is  insoluble  in  alcohol  and  ether. 

{c)  Dissolve  a little  finely  powdered  uric  acid  in  con- 
centrated sulphuric  acid , aiding  the  solution  by  heating  to 
40°  C.  on  the  water  bath.  Cool,  and  then  pour  the  sulphuric 
acid  solution  into  large  excess  of  distilled  water  {about  20 
volumes).  Uric  acid  is  precipitated  in  the  form  of  fine  micro- 
scopic rhombic  crystals. 

{d)  Uric  acid  dissolves  readily  in  caustic  alkalies  and 
alkaline  carbonates,  to  form  the  neutral  urates.  Test  its 
solubility  in  5 per  cent,  caustic  soda. 

(i e ) Certain  organic  bases,  e.g.,  dietliylenediamine  {pipera- 
zine) and  methylglyoxalidine  {lysidinc)  form  readily  soluble 
salts  loith  uric  acid.  Place  a little  uric  acid  on  a slide,  cover, 
and  alloio  a drop  or  two  of  1 0 per  cent,  piperazine  solution  to 
flow  under  the  cover-slip.  Examine  microscopically.  The 
uric  acid  crystals  rapidly  dissolve. 
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5.  Uric  Acid  as  a Reducing  Agent.  — In  alkaline 
solution,  uric  acid  is  a reducing  agent. 

(a)  Dissolve  a small  quantity  of  uric  acid  in  sodium 
carbonate  solution , or  ammonia.  Add  silver  nitrate  to  part 
of  the  alkaline  solution.  A black  precipitate  of  metallic  silver 
separates  out.  Another  method  of  performing  the  same  re- 
action is  to  allow  a drop  of  the  alkaline  urate  solution  to  fall 
on  a slip  of  filter  paper  moistened  with  silver  nitrate.  A 
black  stain,  due  to  deposition  of  metallic  silver,  is  produced 
on  the  filter  paper. 

(b)  Dissolve  a little  uric  acid  in  5 per  cent,  caustic  soda. 
Add  some  Fehling’s  solution,  and  heat  to  boiling  point.  If 

• the  urate  be  in  excess,  a white  precipitate  of  cuprous  urate 
separates  out.  Part  of  the  uric  acid  is  oxidised,  and  reduces 
the  cupric  hydrate  to  cuprous  hydrate.  The  latter  unites  with 
some  unchanged  urate  to  form  insoluble  cuprous  urate.  Add 
more  Fehlinfs  solution  and  continue  to  heat.  Red  cuprous 
oxide  begins  to  separate  out  along  with  the  cuprous  urate. 

( c ) Uric  acid  dissolved  in  dilute  sidphuric  acid  reduces 
potassium  permanganate  {see  p.  147). 

6.  Dissolve  a little  uric  acid  in  dilute  ammonia.  Add 
a small  quantity  of  magnesia  mixture  and  a few  drops  of 
silver  nitrate  solution.  A gelatinous  precipitate  of  silver 
magnesium  urate  forms. 

7.  Murexide  Reaction. 

Place  a very  small  quantity  of  uric  acid  on  a piece  of 
glazed  porcelain,  e.g.,  the  lid  of  a crucible,  add  two  drops 
of  concentrated  nitric  acid,  and  carefidly  evaporate  to  dryness 
over  the  open  flame.  Allow  the  red  residue  to  cool,  then  add 
a drop  of  ammonia  to  one  side  of  the  residue,  and  a drop  of 
caustic  potash  solution  to  the  other.  A purple  colour,  due  to 
the  formation  of  ammonium  purpurate,  is  developed  in  the  one 
case,  a bluish-violet,  due  to  formation  of  the  potassium  salt, 
in  the  other. 
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The  daily  quantity  of  uric  acid  excreted  by  a healthy  adult 
is  subject  to  considerable  variation  in  different  individuals. 
‘5  grm.  per  day  may  be  taken  as  an  average. 


3.  Creatinin. 

The  following  tests  may  be  applied  to  normal  urine : — 

1.  Weyl’s  Eeaction. 

Add  a few  drops  of  a freshly  prepared  dilute  solution  of 
sodium  nitroprusside  to  a small  quantity  of  urine.  Then 
render  alkaline  with  caustic  soda.  The  solution  acquires  a 
red  colour.  Strongly  acidify  with  acetic  acid.  The  solution 
is  practically  decolorised.  Heat  the  acid  solution.  It  acquires 
a green  tint  and  yields  a blue  deposit  on  standing. 

Acetone  gives  a somewhat  similar  reaction  (see  p.  118). 
If  necessary,  urine  may  be  freed  from  acetone  by  boiling. 

2.  Jaffe’s  Eeaction. 

Add  a small  quantity  of  picric  acid  solution  to  some 
urine  in  a test-tube.  Then  render  alkaline  with  caustic  soda. 
The  solution  becomes  deep  red  in  colour.  The  colour  change 
is  aided  by  heat. 

The  quantity  of  creatinin  excreted  in  the  twenty-four 
hours  varies  from  '6  to  2 grms. 


4.  Indican. 

1.  Jaffe’s  Test. 

Acidify  1 0 c.c.  of  urine  with  an  equal  volume  of 
concentrated  hydrochloric  acid.  Then  add  2 or  3 c.c. 
of  chloroform.  Add,  drop  by  drop , a dilute  solution 
of  calcium  hypochlorite  (1  in  20),  shaking  vigorously  for 
some  time  after  the  addition  of  each  drop.  The  chloroform 
acquires  a bluish-violet  colour , owing  to  the  formation  of 
indigo  blue. 

The  following  equations  show  the  course  of  the  reaction : — 
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In  the  presence  of  excess  of  hydrochloric  acid 


CO.SOoOK 


C(OH) 


NH 


NH 

(Indican). 


(Indoxyl). 


C(OH) 


CO  CO 


(Indoxyl).  (Hypocldorous 


(Indigo  blue). 


acid). 


The  reaction  is  readily  obtained  with  the  urine  of  herbi- 
vora.  In  the  case  of  normal  human  urine  it  is  not  invariably 
successful,  even  when  carefully  applied.  The  quantity  of 
indican  is  increased  in  cases  of  partial  or  complete  obstruction 
of  the  small  intestine.  It  is  also  frequently  much  increased  in 
cases  of  poisoning  with  oxalic  acid. 

2.  Finely  powdered  commercial  indigo  blue  may  be  used 
for  the  following  tests : — 

(1)  Heat  a small  quantity  of  indigo  mixed  with  an  equal 
amount  of  calcium  or  magnesium  carbonate  in  a dry  test -tube. 
The  indigo  sublimes , filling  the  tube  with  its  purple-coloured 


(2)  Heat  a small  quantity  of  indigo  with  chloroform. 
It  dissolves  to  form  a blue  solution. 

5.  Hippuric  acid. 

For  the  following  reactions,  use  hippuric  acid  prepared 
from  horse’s  urine. 

1.  Solubilities. — It  is  only  soluble  with  difficulty  in 
cold,  much  more  readily  in  boiling  water. 

Dissolve  a few  crystals  in  boiling  water , and  examine 
microscopically  the  crystals  which  separate  out  on  cooling. 

It  crystallises  in  four-sided  prisms,  frequently  arranged 


vapour. 

The  evolution  of  carbonic  acid  from  the  carbonates  lessens 


the  partial  charring  of  the  indigo,  which  would  otherwise  result. 
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as  rosettes.  It  dissolves  readily  in  alcohol,  with  difficulty  in 
ethyl  ether,  more  readily  in  acetic  ether. 

2.  The  acid  dissolves  in  alkalies. 

To  a small  quantity  of  the  acid,  add  dilute  caustic  soda  or 
ammonia.  Render  the  alkaline  solution  acid  by  the  addition 
of  hydrochloric  acid.  The  hippuric  acid  is  precipitated.  ' 

3.  Heat  a small  quantity  in  a dry  test-tube.  The  acid 
melts  ( at  187°  C.).  On  farther  heating,  the  melted  mass 
becomes  red,  yields  a white  sublimate  of  benzoic  acid,  and 
gives  off  the  odour  of  oil  of  bitter  almonds. 

The  odour  is  due  to  the  formation  of  phenylcyanide  and 
hydrocyanic  acid. 

4.  Add  a few  drops  of  concentrated  nitric  acid  to  a small 
quantity  of  hippuric  acid , placed  in  a small  test-tube  of  hard 
glass.  Evaporate  the  mixture  to  dryness.  Mix  up  with  fine 
sand,  and  then  heat  the  residue  strongly.  The  characteristic 
odour  of  nitrobenzene  develops. 

The  daily  quantity  of  hippuric  acid  excreted  in  human 
urine  varies  much,  mainly  according  to  the  diet  (T  to  1 grm.). 

6.  Phenol. 

For  the  following  reactions,  use  commercial  phenol. 

1.  Solubilities. — The  crystals  form  an  oily  fluid  with 
one-tenth  their  weight  of  water.  They  dissolve  readily  in 
water  (1  in  15),  and  in  alcohol  and  ether  in  all  proportions. 
Phenol  dissolves  more  readily  in  dilute  caustic  alkalies  than 
in  water,  to  form  salt-like  compounds  which  are  insoluble  in 
ether.  These  compounds  may  be  decomposed  by  passing  a 
current  of  carbon  dioxide  through  their  solutions. 

2.  Dissolve  a little  phenol  in  water.  Add  a few  drops 
of  ferric  chloride  to  the  solutions.  A deep  blue-violet  colora- 
tion appears.  Acidify  the  blue  solution  with  hydrochloric 
acid.  It  is  decolorised. 

3.  To  a very  dilute  aqueous  solution  of  phenol  add  some 
bromine  water.  A ivhite  gelatinous  precipitate  of  mono - and 
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dibromphenol  separates.  On  shaking , the  precipitate  readily 
dissolves.  Add  more  bromine  water  until  a permanent 
yellowish-white  crystalline  precipitate  of  tribromphenol  has 
formed. 

4.  To  a very  dilute  aqueous  solution  of  phenol  add  a 
few  drops  of  Miltons  reagent , and  heat  to  the  boiling  point. 
The  fluid  acquires  a deep  red  colour. 

Phenol  exists  in  the  urine  in  ethereal  combination  with 
sulphuric  acid.  The  quantity  is  increased  in  cases  of  increased 
bacterial  decomposition  of  proteids  within  the  intestines. 

Separation. — Several  hundred  c.c.  of  urine  are  rendered 
faintly  alkaline  with  sodium  carbonate,  and  evaporated  down 
to  small  bulk.  The  concentrated  urine  is  then  rendered 
strongly  acid  with  hydrochloric  acid  (about  one-fifth  of  its 
volume),  and  distilled  as  long  as  phenol  can  be  detected  in 
the  distillate  by  testing  a small  portion  with  Millon’s  reagent. 

7.  Pigments  of  the  urine. 

1.  Urochrome  is  the  normal  pigment  of  the  urine. 

Garrod’s  Method  of  Separation  depends  on  the  fact 
that  urochrome  can  be  extracted  from  the  urine  after  saturation 
with  ammonium  sulphate. 

Saturate  some  urine  with  ammonium  sulphate.  Filter 
from  the  precipitate  which  forms,  and  extract  the  filtrate  with 
one-fifth  its  volume  of  absolute  alcohol.  Part  of  the  ammonium 
sulphate  is  precipitated,  and  a clear  yellow  layer  of  alcohol, 
containing  the  pigment,  forms  above  the  saturated  salt  solution. 
The  pigment  may  be  purified  by  solution  in  water  and 
repetition  of  the  process  of  saturation.  The  pigment  shows  no 
absorption  bands,  and  does  not  show  a green  fluorescence  in 
presence  of  ammoniacal  zinc  chloride. 

2.  Urobilin.1 — Fresh  normal  urine  contains  little,  if  any, 

1 For  class  purposes  urine  may  be  used  to  which  urobilin  prepared  from  fteces 
has  been  added.  In  order  to  prepare  the  pigment,  extract  the  feces  with  water, 
then  acidify  the  filtrate  with  dilute  sulphuric  acid  and  saturate  with  ammonium 
sulphate.  Filter  off  the  precipitate  and  dissolve  it  in  acid  alcohol. 


I IO 


PHYSIOLOGICAL  CHEMISTRY 


urobilin.  A chromogen  of  urobilin  is  present  in  small  amount. 
The  quantity  of  urobilin  is  much  increased  in  certain  patho- 
logical conditions. 


Method  of  Separation  (Garrod). — Precipitate  the  uric 
acid  by  saturating  the  urine  with  ammonium  chloride.  Filter. 
Acidify  the  filtrate  with  dilute  sulphuric  acid,  and  saturate 
with  ammonium  sulphate.  Then  shake  up  the  saturated  salt 
solution  in  a separating  funnel  with  an  equal  volume  of  a 
mixture  of  1 volume  chloroform  to  2 volumes  of  ether. 
Separate  the  solution  of  urobilin  in  ether  and  chloroform,  and 
shake  up  with  water  rendered  faintly  alkaline  with  ammonia. 
The  pigment  passes  into  watery  solution.  Separate  its  aqueous 
solution  from  the  ether  and  chloroform,  and  perform  the 
following  tests : — 

( a ) Render  part  of  the  aqueous  solution  alkaline  with 
ammonia , and  add  a few  drops  of  zinc  chloride  solution. 
Note  the  distinct  green  fluorescence.  Examine  the  solution 
spectroscopically.  Note  an  absorption  band  in  the  green-blue 
between  b and  F. 

(b)  Acidify  the  aqueous  solution  of  the  pigment  with 
dilute  hydrochloric  acid , and  shake  up  with  amyl  alcohol. 
The  alcohol  extracts  the  pigment.  Examine  the  alcoholic 
solution.  Note  a broad  absorption  band  in  the  green-blue 
between  b and  F,  and  extending  to  the  violet  side  of  F. 
Compare  with  the  spectroscopic  characters  of  (a). 

3.  Haematoporphyrin  and  its  chromogen  are  present  in 
small  amount  in  normal  urine.  For  its  detection,  at  least 
500  c.c.  urine  should  be  used.  Add  200  c.c.  of  10  per  cent, 
caustic  soda  to  1 litre  urine.  The  precipitate  of  earthy 
phosphates  which  contains  the  haematoporphyrin  is  allowed  to 
settle.  The  supernatant  fluid  is  then  siphoned  off,  and  the 
precipitate  transferred  to  a filter  paper,  washed  with  water, 
and  extracted  with  alcohol  acidified  with  hydrochloric  acid. 
The  alcoholic  solution  of  the  pigment  is  then  filtered  and 
examined  spectroscopically.  It  shows  the  spectrum  of  acid 
haematoporphyrin. 
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PATHOLOGICAL  CONSTITUENTS  OF 
URINE  AND  URINARY  SEDIMENTS 

I.  PROTEID. 

I.  Albumin. 

(a)  Heat  Coagulation. 

To  a small  quantity  of  filtered  urine  add  at  least  one- 
sixth  its  bulk  of  a saturated  solution  of  sodium  chloride , 
and  heat  to  boiling  point.  The  precipitate  which  forms  may 
consist  of  albumin,  or  earthy  phosphates,  or  both.  To  each 
10  c.c.  of  the  hot  urine  add  two  drops  of  33  per  cent,  acetic 
acid.  The  precipitate  of  earthy  phosphates,  if  present, 
dissolves ; while  the  albumin  separates  out  in  the  form  of 
coagula. 

(b)  Heller’s  Test. 

Place  a little  concentrated  nitric  acid  in  a test-tube,  and 
pour  the  urine  slowly  down  the  side  of  the  inclined  test-tube. 
The  urine  will  form  a layer  above  the  nitric  acid.  If 
albumin  be  present,  a whitish  precipitate  or  turbidity  will 
form  at  the  plane  of  junction  of  the  two  fluids.  Note  the  red 
or  reddish-violet  ring  at  the  plane  of  junction,  due  to  presence 
of  indigo-red  and  incligo-blue.  If  the  urine  be  concentrated,  a 
crystalline  precipitate  of  urea  may  form  at  the  plane  of 
junction.  The  obvious  crystalline  nature  of  the  precipitate 
renders  it  readily  distinguishable  from  an  albuminous  pre- 
cipitate. In  a urine  rich  in  urates,  a precipitate  of  uric  acid 

may  also  form.  It  usually  also  forms  at  the  plane  of  junction 

in 
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of  the  nitric  acid  and  urine.  Its  appearance  may  be  prevented, 
by  diluting  the  urine  before  performing  Heller’s  test. 

(c)  Acetic  Actd  and  Potassium  Ferrocyanide  (see  p.  28). 

(d)  The  colour  reactions  for  proteids  cannot  be  applied  to 
the  urine  directly. 

Filter  off  the  coagulum  produced  by  heat , suspend  one 
portion  of  it  (a)  in  a small  quantity  of  Milton’s  reagent , and 
heat.  The  coagulum  acquires  a \ red  colour.  Dissolve , with 
the  aid  of  heat , the  other  portion  Q 3 ) of  the  coagulum  in 
5 per  cent,  caustic  soda , and  add  a drop  or  two  of  very  dilute 
solution  of  cupric  sidphate , violet  (biuret). 

2.  Detection  of  albumin  and  globulin. 

Neutralize  some  urine , filter,  and  add  an  equal  volume 
of  a saturated  solution  of  ammonium  sulphate.  Filter  off  the 
precipitate  of  globulin  which  forms.  Dissolve  it  in  2 per 
cent,  sodium  chloride,  heat,  and  acidify  ivith  dilute  acetic  acid. 
A coagulum  forms.  Heat  also  the  filtrate  from  the  precipitate 
of  globulin  produced  by  half  saturation  with  ammonium 
sulphate,  and  acidify  with  dilute  acetic  acid.  A coagulum  of 
albumin  separates  out. 

3.  Albumose  in  presence  of  coagulable  proteid. 

Add  8 parts  finely  powdered  ammonium  sidphate  to  1 0 
parts  urine.  Heat  to  the  boiling  point.  The  coagulable  pro- 
teid is  rendered  permanently  insoluble  in  water  and  neutral 
salt  solutions.  Filter  while  hot.  Extract  the  precipitate  with 
alcohol  to  free  it  from  urobilin,  which,  like  albumoses,  gives  the 
biuret  reaction.  Then  extract  the  precipitate  ivith  boiling 
'water,  which  dissolves  the  albumoses,  leaving  the  coagidated  pro- 
teid undissolved.  Test  the  filtrate  by  biuret  and  xanthoproteic 
reactions. 

4.  Peptone. 

True  peptone  is  rarely  if  ever  found  in  the  urine. 
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5.  Nucleo-albumin  and  so-called  mucin  of  the  urine. 
Normal  urine  contains  only  traces  of  mucinoid  substance.  If 
a specimen  becomes  opalescent,  or  turbid,  or  yields  a precipit- 
ate on  acidification  with  acetic  acid  in  the  cold,  it  should 
be  examined  to  find  out  the  nature  of  the  proteid  present. 
The  salts  of  the  urine  hinder  the  precipitation  with  acetic 
acid,  and  should  therefore  be  first  removed  by  dialysis. 
Larger  text-books  should  be  consulted  for  details  with  regard 
to  the  nature  and  methods  of  separation  of  the  mucinoid 
substances  which  may  be  present  in  the  urine. 

II.  BLOOD. 

Note  the  general  appearance  of  the  urine.  The  urine 
appears  more  or  less  turbid,  and  has  a reddish,  yellowish-red, 
red-brown  or  even  dark  brown  tint.  Much  depends  on 
whether  the  hemorrhage  has  been  recent  or  remote.  The 
colouring  matter  of  the  blood  may  be  retained  within  the 
red  blood  corpuscles  (hematuria),  or  dissolved  in  the  urine 
either  in  the  form  of  unchanged  haemoglobin  (hemoglobinuria) 
or  methemoglobin  (methemoglobinuria). 

(a)  Separate  any  formed  constituents,  ivliich  may  be 
present,  by  means  of  the  centrifuge,  and  examine  the  deposit 
microscopically  for  more  or  less  altered  red  blood  corpuscles 
and  remains  of  their  stromata. 

(b)  Do  G-uaiac  reaction,  see  p.  76. 

N.B. — The  urine  gives  a somewhat  similar  reaction  after 
the  administration  of  iodides. 

(c)  Spectroscopic  Examination  for  oxyhemoglobin  or 
methemoglobin. 

{d)  Heller’s  Test. 

Render  some  urine  alkaline  with  caustic  soda  and  heat. 
A precipitate  of  earthy  phosphates  forms,  coloured  red  oioing 
to  adhering  hcematin. 

(e)  A very  delicate  test  consists  in  the  preparation  of 
haem  ochromogen,  from  the  blood  pigment  present. 
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To  some  urine  add  one-fourth  its  bulk  of  concentrated,  caustic 
soda.  Heat  to  boiling.  Cool , filter , arid,  add  ammonium 

sulphide  to  the  filtrate.  On  spectroscopic  examination,  the 

solution  will  show  the  characteristic  absorption  bands  of 
hcemoehromogen. 


III.  BILE. 

See  pp.  68,  69,  for  tests  for  bile  pigment  and  bile  salts. 
Before  testing  for  the  salts,  it  is  often  advisable  to  separate 
them  from  the  urine.  Perform  also  the  surface  tension  test 
with  flowers  of  sulphur. 

BILE  PIGMENTS. 

1.  Rosenbach’s  Modification  of  Gmelin’s  Test. 

Filter  the  urine  containing  bile,  spread  out  the  filter 
paper,  and  place  a drop  of  nitric  acid  containing  nitrous  acid 
on  it. 

The  following  coloured  zones  appear  round  the  drop  from 
within  outwards — yellow-red,  violet,  blue,  and  green. 

2.  Incline  a test-tube  containing  a little  icteric  urine, 
and  let  some  tincture  of  iodine  flow  slowly  down  the  side  of 
the  tube.  A green  ring  appears  at  the  plane  of  junction  of 
the  two  fluids. 

3.  Huppert’s  Reaction. 

Add  to  the  bilious  urine  a solution  of  barium  hydrate, 
or  milk  of  lime,  so  long  as  a pigmented  precipitate  continues 
to  form.  Filter  and  extract  the  precipitate  on  the  filter  paper 
with  hot  alcohol  acidified  with  sulphuric  acid. 

A clear  green  solution  is  obtained.  This  method  is 
successful  in  urines  which  yield  a doubtful  reaction  with 
Gmelin’s  test. 


IY.  UROERYTHRIN. 

This  pigment  gives  the  red  colour  to  deposits  of  urates. 
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Detection. 

Collect  the  sediment  on  a filter.  Dissolve  in  water  with 
the  aid  of  gentle  heat , and  extract  with  amyl  alcohol. 

This  method  yields  an  impure  product,  since  the  amyl 
alcohol  also  dissolves  urobilin  and  hsematoporphyrin.  Examine 
the  amyl  alcohol  solution  spectroscopically.  Two  bands  are 
present — one  close  to  the  red  side  of  E,  and  one  between 
l)  and  F.  The  best  method  of  separation  is  that  due  to 
Garrod,  for  which  larger  text-books  may  be  consulted. 

V.  CAEBOHYDEATES  AND  EEDUCING 

SUBSTANCES. 

I.  Glucose  is  present  in  normal  urine,  but  only  in 
minute  traces.  The  continuous  excretion  of  considerable 
quantities  of  glucose  is  characteristic  of  diabetes  mellitus. 
The  urine  in  typical  cases  of  diabetes  mellitus  is  large  in 
volume  (3  to  10  litres),  pale  in  colour,  of  high  specific 
gravity  (1030  to  1040  or  higher),  and  contains  sugar.  The 
percentage  amount  of  the  physiological  constituents  of  the 
urine  is  less  than  normal,  while  their  daily  quantity  is 
increased. 

Tests — 

(a)  Trommer’s  and  Fehling’s  Tests  (see  p.  6). 

When  the  quantity  of  glucose  present  is  large,  there  is 
no  difficulty  in  obtaining  a definite  positive  reaction ; but  if 
the  quantity  of  glucose  be  small,  its  detection  is  difficult, 
since  normal  urine  contains  substances,  e.g.,  uric  acid  and 
creatinin,  which  reduce  Trommer’s  reagent.  Another  source 
of  fallacy  is,  that  after  the  administration  of  certain  drugs, 
e.g.,  antipyrin,  chloral,  salol,  and  others,  compounds  of 
glycuronic  acid  occur  in  the  urine.  These  reduce  Trommer’s 
reagent. 

(b)  Bismuth  Test. 

To  10  c.c.  urine  add  1 c.c.  of  Ny lander’s  reagent , and 
heat  for  some  minutes.  If  the  quantity  of  sugar  present  be 
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large,  the  solution  becomes  yellow,  then  brown,  then  darker 
brown,  and  finally  a black  precipitate  of  metallic  bismuth 
separates  out.  If  the  quantity  of  sugar  be  small,  the  urine 
merely  darkens,  and,  after  standing  for  some  time,  a black 
deposit  of  metallic  bismuth  separates  out.  The  test  will 
indicate  '05  per  cent,  glucose. 

Nylander’s  reagent  has  the  advantage  of  not  being 
reduced  by  creatinin  or  uric  acid.  It  is  reduced  by  glycu- 
ronic  acid. 

If  much  albumin  be  present,  a fallacy  arises,  owing  to 
the  formation  of  sulphide  of  bismuth  from  the  loosely  com- 
bined sulphur  of  the  proteid.  The  urine  should  therefore  be 
freed  from  proteid  by  heat  coagulation  before  performing  the 
test. 


( c ) Fermentation  Test  with  ordinary  yeast  (see  p.  9). 

If  the  urine  be  alkaline,  it  should  first  be  faintly 
acidified  with  tartaric  acid.  This  test  succeeds  readily  when 
the  quantity  of  sugar  is  large  ; but  if  the  quantity  of  sugar 
indicated  by  the  bismuth  test  be  very  small,  the  fermentation 
test  may  yield  a negative  result.  In  this  case,  after  the 
urine  has  been  allowed  to  ferment  with  yeast  for  twenty-four 
to  forty-eight  hours,  it  is  again  tested  with  Nylander’s  re- 
agent. If  the  result  of  testing  with  Nylander’s  reagent  after 
fermentation  be  negative,  it  may  be  concluded  that  glucose  was 
originally  present.  If,  on  the  other  hand,  on  testing  the 
urine  (after  fermentation)  with  Nylander’s  reagent,  a positive 
result  is  obtained,  probably  the  reduction  is  due  to  other 
reducing  substances,  e.g.,  glycuronic  acid  or  lactose. 

(d)  Phenylhydrazine  Test. 

Before  applying  the  test,  it  is  best,  if  possible,  to  estimate 
the  quantity  of  glucose  present,  and  then  use  for  the  test  the 
quantity  of  phenylhydrazine  required  by  the  equation  express- 
ing the  reaction.  If  not,  the  test  may  be  performed  in  the 
following  way  (Neumann) : — 

Take  5 c.c.  of  urine  in  a special  test-tube,  with  bulb  on 
it,  and  marks  for  3,  5,  and  7 c.c.  in  the  lower  part  of  the 
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tube.  Add  2 c.c.  50  per  cent,  acetic  acid  that  has  been 
saturated  with  sodium  acetate,  and  two  drops  of  pure  phenyl  - 
hydrazine.  Evaporate  down  to  3 c.c.,  rapidly  cool,  ana \ 
then  again  'warm.  It  is  then  left  to  cool  slowly.  Crystals 
separate  out  in  a very  short  time,  even  when  percentage  is 
small. 

(e)  Polarisation  Test  is  of  great  value  for  distinguishing 
glucose  from  the  compounds  of  glycuronic  acid  or  from  lsevu- 
lose,  since  both  of  these  are  hevo-rotatory. 

(See  pp.  6—11,  for  other  tests.) 

2.  Lactose  is  occasionally  present  in  urine.  (See  pp. 
13,  14,  for  the  points  of  difference  between  it  and 
glucose.) 

3.  Glycuronic  acid  exists  in  the  urine  as  paired  com- 
pounds with  other  substances.  These  compounds  are  lsevo- 
rotatory,  although  the  acid  itself  is  dextro-rotatory.  (See  pp. 
12,  19,  for  tests.) 

VI.  ACETO-ACETIC  ACID. 

This  acid  is  frequently  found  in  diabetic  urine. 

Tests. 

1.  Add  to  a small  quantity  of  the  urine,  ferric  chloride, 
as  long  as  a precipitate  of  ferric  phosphate  continues  to  form. 
Filter,  and  add.  a little  more  solution  of  ferric  chloride.  A 
violet-red  colour  appears  when  aceto-acetic  acid  is  present. 

2.  Acidify  the  urine  strongly  'with  sulphuric  acid,  and 
extract  with  ether.  Separate  the  ether,  and  shake  it  with  a 
very  dilute  solution  of  ferric  chloride.  The  aqueous  solution 
acquires  a violet-red  tint. 

3.  On  heating  with  dilute  caustic  alkali,  aceto-acetic 
acid  yields  acetone,  and  the  carbonate  of  the  alkali  used. 
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The  acetone  may  be  detected  by  its  odour , or  distilled  off  and. 
tested  for  in  the  distillate. 

CH3COCH2CO.ONa  + NaOH  = CH3COCH3  + Na2C03 

An  artificial  urine,  giving  these  three  reactions,  may  be  pre- 
pared by  the  addition  of  ethyl  aceto-acetate  to  normal  urine. 

VII.  ACETONE. 

Use  a dilute  solution  of  acetone  for  the  following  tests : — 

1.  To  a portion  of  the  solution  add  a feiu  drops  of 
caustic  soda , and  then  some  solution  of  iodine  in  potassium 
iodide.  The  fluid  becomes  turbid , and  gives  an  odour  of  iodo- 
form. Allow  the  yellowish- white  precipitate  to  settle , and 
examine  the  deposit  microscopically. 

2.  Legal’s  Test. 

Add  to  a portion  of  the  solution  a few  drops  of  freshly 
prepared  aqueous  solution  of  sodium  nitroprusside , then 
render  alkaline  with  NaOH  = a deep  red  colour.  Acidify 
with  acetic  acid.  The  colour  darkens  to  a violet. 

Compare  with  Weyl’s  test  for  creatinin.  The  tests  rua}7 
be  applied  directly  to  the  urine,  or  to  the  first  20  c.c.  of  the 
distillate  from  250  c.c.  of  urine  acidified  with  dilute  hydro- 
chloric acid. 


URINARY  SEDIMENTS. 

These  may  be  classified  into — (1)  Organised,  and  (2)  un- 
organised. The  best  method  of  separation  is  by  means  of  the 
centrifuge.  Text-books  of  clinical  diagnosis  should  be  con- 
sulted for  details  with  regard  to  the  examination  of  organised 
deposits. 

UNORGANISED  SEDIMENTS. 

Take  the  reaction  of  the  urine  prior  to  microscopic 
examination  of  the  sediment. 

If  acid,  the  following  substances  may  be  present,  either — 
(1)  In  an  amorphous  form,  or  (2)  in  a crystalline  form. 
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I.  FROM  ACID  URINE. 

1.  Amorphous. 

(a)  Urates. 

This  most  common  deposit  is  met  with,  both  in  concen- 
trated normal  and  in  pathological  urines  (e.g.,  febrile).  It  is 
a yellowish-brown  to  brick-red  deposit.  Usually  it  is  referred 
to  as  the  “ brick-dust  ” deposit.  The  sediment  consists  of  small 
granules,  frequently  accompanied  by  crystals  of  calcium  oxalate , 
and  of  uric  acid . The  small  spherules  consist  of  the  biurates 
of  sodium  and  potassium,  possibly  also  of  ammonium  and  any 
other  bases  present.  Frequently  very  fine  needle -like  crystals 
adhere  to  the  spherules. 

Remove  a small  quantity  of  the  sediment  and  boil  with  a 
little  water.  It  dissolves.  Acidify  the  hot  fluid  with  a hydro- 
chloric acid.  Cool,  and  examine  microscopically  the  sediment 
which  forms  = pigmented  crystals  of  uric  acid.  The  deposit 
also  gives  the  murexide  reaction. 

(b)  Calcium  Oxalate. 

The  sediment  appears  in  the  form  of  dumb-bell  shaped 
or  spheroidal  bodies.  These  are  insoluble  in  strong  acetic 
acid,  readily  soluble  in  hydrochloric  acid. 

(c)  Bilirubin  or  HiEMATOiDiN. 

Amorphous  yellow  granular  masses  which  give  Gmelin’s 
reaction. 

2.  Crystalline  sediment. 

(a)  Uric  Acid  ( see  p.  103).  Some  of  the  more  common 
crystalline  forms  are  represented  in  the  Plate.  The  deposit 
is  often  termed  the  “ cayenne  pepper  ” deposit. 

(b)  Bilirubin  or  H^ematoidin. 

Small  yellow  rhombic  plates,  which  give  Gmelin’s  reaction. 
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(c)  Calcium  Oxalate. 

Colourless,  transparent,  highly  refractive,  octahedral 
crystals  (envelope-shaped),  insoluble  in  acetic  acid,  readily 
soluble  in  hydrochloric  acid. 

(d)  Ammonium  Magnesium  Phosphate  (only  in  very 
faintly  acid  urine). 

These  crystals  are  in  the  form  of  large  knife-rests,  which 
are  soluble  in  acetic  acid.  Some  of  the  smaller  crystals 
resemble  those  of  calcium  oxalate,  but  are  readily  distin- 
guished by  their  solubility  in  dilute  acetic  acid. 

The  following  sediments  are  rare : — 

(e)  Cystin. 

Regular  hexagonal  plates,  soluble  in  ammonia,  insoluble 
in  acetic  acid. 

(/)  Calcium  Hydrogen  Phosphate  (CaHP04  + 2H20). 

Large  prismatic  crystals,  frequently  arranged  in  rosettes. 
Add  a solution  of  ammonium  carbonate.  The  crystals  are 
eaten  into,  and  ultimately  break  down  into  an  amorphous 
deposit.  They  dissolve  readily  in  dilute  acetic  acid. 

(g)  Tyrosin. 

Star-shaped  bundles  of  fine  needles,  insoluble  in  acetic 
acid,  soluble  in  ammonia  and  hydrochloric  acid.  (See  pp. 
59,  60,  for  tests.) 

II.  IN  ALKALINE  URINE. 

If  the  urine  be  alkaline,  the  following  sediments  may 
occur  : — 

i.  Amorphous. 

(a)  Earthy  Phosphates. 

Fine  granules,  dissolving  in  dilute  acetic  acid  without 
evolution  of  carbon  dioxide  (Ca3(P04)2  and  Mg3(P04)2). 
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(b)  Calcium  Carbonate. 

In  two  forms — (a)  Fine  granules,  soluble  with  effervescence 
in  dilute  acetic  acid.  (/3)  Dumb-bell  shaped,  or  spheroidal 
masses,  frequently  showing  concentric  striation.  They  dis- 
solve readily  in  dilute  acetic  acid  with  evolution  of  carbon 
dioxide.  This  sediment  is  very  rare  in  human  urine. 

(c)  Acid  Ammonium  Urate. 

Pigmented  spherules,  frequently  with  small  crystals, 
“ hedgehog  spines,”  adhering.  They  first  dissolve  in  hydro- 
chloric acid,  and  then  rhombic  crystals  of  uric  acid  separate 
out. 


2.  Crystalline. 

Ammonium  Magnesium  Phosphate. 

Large  colourless  prisms  of  knife-rest  or  coffin-lid  shape. 
These  are  readily  obtained  in  the  sediment  and  scum  which 
form  in  a urine  undergoing  ammoniacal  fermentation. 

(For  some  of  the  more  important  urinary  crystals,  see 
Plate.) 
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URINE 

URINE. 

1.  Quantity. 

The  urine  should  be  collected  in  an  absolutely  clean  glass 
vessel  containing  a small  quantity  of  toluol.  In  daily  analyses 
the  collection  should  always  begin  with  the  bladder  emptied 
at  a fixed  hour  in  the  morning,  and  the  urine  collected  until 
same  hour  on  the  following  day,  the  urine  passed  then  being 
added  to  that  passed  during  the  rest  of  the  twenty-four  hours. 
It  is,  as  a rule,  sufficient  to  measure  the  volume  of  the  urine 
passed  during  the  twenty-four  hours  in  a measured  cylinder ; 
but  if  a series  of  analyses  is  being  made  of  various  urinary 
constituents,  it  is  advisable  subsequently  to  pour  the  urine 
into  a measured  stoppered  flask  of  rather  larger  capacity  than 
is  required,  and  then  fill  up  to  the  mark  on  the  flask  with 
distilled  water,  or,  if  necessary,  with  a suitable  solvent  for 
any  deposit  in  the  urine.  When  this  is  done,  carefully 
measured  portions  may  be  taken  for  the  various  analyses,  the 
measurements  being  always  taken  in  standard  measured  glass 
flasks  which  have  been  carefully  cleaned  and  dried.  Sets 
of  such  flasks  should  be  kept  in  stock,  any  errors  in  their 
capacity  (as  stated  on  flask)  being  noted,  and  the  necessary 
correction  made.  The  measurement  should  always  be  taken 
at  one  fixed  temperature  (15°  to  20°). 

2.  Specific  gravity  is  usually  taken  with — 

(a)  The  Urinometer,  a method  which  is  sufficiently  exact 

if  the  estimations  are  only  being  made  in  a fluid  the  character 

126 


PHYSIOLOGICAL  CHEMISTRY 


1 26 


of  which  does  not  alter  much  from  day  to  day.  It  is  very 
advisable  to  have  at  least  two  sets  of  urinometers,  one 
graduated  from  1000  to  1020,  and  the  other  from  1020  to 
1040.  It  is  also  advisable  to  take  the  density  at  the 
temperature  marked  on  the  instrument  (say  15°),  rather  than 
make  the  correction  (addition  of  ‘001°  for  every  3°  above 
15°,  and  subtraction  of  same  for  every  3°  below  that  temper- 
ature). Any  deposit  that  clears  up  easily  on  heating  ( e.g ., 
urates)  should  be  dissolved,  the  temperature  correction  then 
requiring  to  be  made. 

In  taking  the  density,  see  that  surface  is  free  from  froth 
and  impurities  (: remove  with  close  filter  paper),  then  carefully 
immerse  bulb  of  urinometer  in  urine,  and  allow  it  to  float 
free  in  the  centre  of  the  cylinder.  It  must  not  come  into 
contact  with  any  part  of  the  vessel. 

Take  the  reading  with  the  cylinder  on  a flat  surface , and, 
with  the  eye  level  with  the  lower  border  of  the  fluid  meniscus, 
note  where  this  cuts  the  scale  of  the  instrument. 

(b)  With  Pyknometer. 

The  weight  of  a given  volume  of  urine  is  compared  with 
that  of  the  same  volume  of  distilled  water  at  a fixed  temper- 
ature (15°),  the  latter  being  taken  as  unity. 

The  best  vessel  to  use  for  this  purpose  is  a small  stoppered 
flask,  which  does  not  require  to  be  absolutely  filled,  but  has 
a constriction  on  the  neck  with  a mark  upon  it.  This  saves 
introduction  of  errors  caused  by  evaporation  through  bored 
stoppers,  overflowing  of  urine  during  the  filling  process,  and 
the  consequent  necessity  for  cleaning  and  drying  the  surface. 

The  specific  gravity  of  a fluid  (urine)  can  be  calculated 
when  the  weight  of  the  empty  flask  is  known,  also  its  weight 
when  filled  with  distilled  water  at  a given  temperature,  and 
again  when  filled  with  the  fluid. 

a = weight  of  empty  flask;  b = flask -f water  at  15°; 
c = flask + urine  at  15°. 

c — a 

^ — - = specific  gravity  of  urine. 
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Take  small  flask  of  above-mentioned  type,  wash  thoroughly 
with  water,  alcohol,  and  ether,  dry  and,  weigh.  Then  fill  with 
distilled,  water  up  to  mark  on  neck,  and  weigh.  Empty  flask, 
wash  out  with  alcohol  and  ether,  dry  and  then  fill  with 
urine  in  same  manner,  and  weigh.  The  temperature  must  be 
the  same  throughout  (15°).  The  calculation  of  the  specific 
gravity  is  made  in  the  way  above  described. 

3.  Total  solids. 

The  method  usually  employed  of  evaporating  down  a 
fixed  volume  of  urine  on  the  water  bath  and  drying  in 
exsiccator  to  constant  weight  (?)  is  practically  valueless,  as 
constant  decomposition  of  urea  takes  place  during  the  evapor- 
ation, and  it  is  impossible  to  arrive  at  constant  weight 
without  decomposition,  unless  precautions  are  adopted  which 
render  the  method  much  more  complicated  than  the  value 
of  the  results  obtained  merits.  The  incineration  of  the  solids 
is  only  necessary  when  one  suspects  the  presence  of  an 
inorganic  constituent  which  cannot  be  detected  in  the  fluid 
urine  by  the  ordinary  tests.  One  can  arrive  at  a rough 
knowledge  in  many  cases  of  the  amount  of  solids  in  the  urine, 
from  the  specific  gravity.  Christison’s  formula,  namely,  the 
multiplication  of  the  last  two  figures  in  the  specific  gravity 
(stated  in  terms  of  1000)  by  2‘33,  gives  the  number  of 
grm.  solids  in  1000  c.c.  urine.  The  method  can  of  course 
only  give  an  indication  of  the  amount  of  solids. 

4.  Acidimetry. 

No  method  is  very  satisfactory  for  urine.  A sufficiently 
accurate  result  can,  however,  be  obtained  in  the  following 
way  : — 

Fill  a burette  (Schellbach’s)  with  decinormal  NaOH, 
seeing  that  all  air  bubbles  have  been  driven  out  from  the 
discharging  point.  Take  the  reading  of  the  level  of  the  fluid , 
which  is  easily  done,  as  the  point  is  exactly  shown  where  the 
constriction  of  the  black  or  blue  line  appears.  From  another 
similar  burette  run  1 0 c.c.  of  the  mixed  urine  of  twenty -four 
hours  into  a small  flask,  then  add  40  to  90  c.c.  of  distilled 
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VMter  ( varying  with  density  of  colour  of  urine).  Take  the 
same  quantity  of  urine,  diluted  to  same  extent ,.  in  a similar 
flask,  to  act  as  a control  for  the  end  reaction. 

To  each  one  add  a few  drops  of  a 1 per  cent,  alcoholic 
solution  of  phenolphthalein.  Now,  into  one  of  these  gradually 
run  in  the  decinormal  NaOII , shaking  after  each  addition, 
until  a red  tint  appears,  which  remains  for  about  a couple  of 
minutes.  The  tint  of  the  control  urine  edways  aids  in 
noting  the  point  of  the  end  reaction.  It  is  cdso  advisable  to 
place  both  on  a large  sheet  of  white  paper. 

N N 

Each  c.c.  of  the  — NaOH  = 1 c.c.  of  any  — acid.1 


10  ' 17  10 

The  results  may  be  stated  in  terms  of  any  acid 

N 

in  terms  of  HCl,  then  as  each  c.c.  of  — 

7 7 10 


v 

HCl  contains 


1 By  a normal  solution  is  meant  one  in  which  the  hydrogen  equivalent  of 
the  substance  in  grammes  is  dissolved  in  a litre  of  water.  This,  for  a mono- 
basic acid,  is  just  its  molecular  weight  in  grammes  ; for  a dibasic,  half ; and  for 
a tribasic,  one-third,  of  its  molecular  weight  in  grammes.  As  examples  of 
mono-  and  dibasic  acids  respectively,  hydrochloric  and  oxalic  acids  may  be 
taken.  To  neutralise  one  molecule  of  NaOH,  one  of  HCl  or  half  a molecule  of 
oxalic  acid  is  required. 

NaOH  + HCl  = NaCl  + H20 
1 Mol.  1 Mol. 

40  36*5 


COOH  COONa 

2 NaOH-f-  | +2H90=  | 

COOH  “ COONa 


80 

Or  40 
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63 


COOH 

Or  NaOH  + | 2HaO 
COOH 


The  2 mol.  of  water  of  crystallisation  have  to  be  added  to  the  molecular 
weight  of  oxalic  acid. 

That  is  to  say,  if  40  grins.  NaOH  are  dissolved  in  a litre  of  water, 
the  solution  will  be  neutralised  by  addition  of  36 ’5  grins.  HCl  or  63  grms. 
C2H204  dissolved  in  a litre  of  water.  And  each  c.c.  of  the  alkaline  solution  will 
equal  each  c.c.  of  the  acid  ones  ; and  each  c.c.  of  the  latter  contains  the  same 
amount  of  acid  in  milligrammes  that  the  litre  contains  in  grammes. 

The  above-mentioned  solutions  are  “ normal  ” ones,  but  frequently  weaker 
solutions,  e.g.,  decinormal,  one-fifth  or  half-normal,  are  employed. 

N 

Thus  every  c.c.  of  ^ oxalic  contains  6 '3  mgrms.  of  that  acid  ; and  every 


N 


c.c.  of  — HCl  = 7 '3  mgrms.  of  that  acid. 
5 


% 
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36-5 

mqrms. 

10 


HCl,  the  degree  of  acidity  of  the  10  c.c.  ( in 


mgrms.  HCl ) will  equal  the  number  of  c.c.  of  dccinormal 
alkali  used , multiplied  by  3 '6  5.  And , knowing  the  total 

twenty-four  hours  urine , the  total  acidity  can  be  at  once 
calculated. 


This  method  gives  inaccurate  results,  because  the  urine 
contains  both  mono-  and  di-alkaline  phosphates,  and  in 
the  titration  the  former,  to  which  the  acidity  is  due, 
are  gradually  transformed  into  the  latter,  which  react 
alkaline  with  phenolphthalein,  so  that  the  end  point  is  a 
variable  one,  and  is  arrived  at  with  varying  proportions 
of  the  two  phosphates.  As  the  acidity  is  due  to  the 
mono-alkaline  phosphates,  it  would  be  preferable  to  estimate 
their  amount  directly,  if  a suitable  method  were  devised 
(see  p.  135). 

It  is  advisable  to  estimate  the  acidity  of  normal  urine, 
and  also  of  a dilute  hydrochloric  or  oxalic  acid  solution. 


5.  Chlorides. 

Two  methods  are  employed,  in  both  of  which  AgN03  is 
used  to  precipitate  the  chlorides. 

(a)  Volhard’s  Method. 

This  depends  upon  the  complete  precipitation  of  the 
chlorides  in  nitric  acid  solution  by  AgN03,  and  the  estimation 
of  the  excess  of  AgN03  present  after  all  the  chlorine  has 
been  precipitated. 

This  excess  is  estimated  by  adding  a standard  solution 
of  ammonium  sulphocyanate,1  which  precipitates  the  soluble 
silver  salt  as  insoluble  silver  sulphocyanate,  the  end  point 
being  noted  by  adding  a ferric  salt  to  the  solution.  This 
salt  reacts  with  ammonium  sulphocyanate  to  give  ferric  sulpho- 
cyanate (red),  but  does  not  react  with  silver  sulphocyanate. 
The  silver  nitrate  is  made  up  of  such  a strength  that  1 c.c. 

1 See  Note  on  p.  132. 
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will  completely  precipitate  the  chlorine  of  10  mgrms. 
NaCL1 

There  are  two  ways  in  which  the  estimation  can  be 
carried  out : — • 

1.  Usual  Method. 

Run  10  c.c.  urine  into  100  c.c.  measured  flask , then 
about  50  c.c.  distilled  water  and  4 c.c.  of  pure  30  per  cent. 
IINOz  ( free  from  nitrous  acid  and  chloride).  Now , from 
a burette  run  in  10  to  20  c.c.  of  the  standard  AgNOz,  taking 
care  that  more  is  added  than  is  'required  to  precipitate  all  the 
chloride.  The  supernatant  fluid  may  be  tested  to  see  that  all 
the  chloride  is  down , by  adding  1—2  c.c.  more  of  the  standard 
AgNOz.  Now , fill  up  to  the  100  c.c.  mark  with  distilled 
water,  shake  thoroughly  and  filter  through  a dry  folded  filter 
paper , previously  washed  chlorine  free.  The  filtrate  should  be 
collected  in  a dry  7 0 c.c.  measured  flask,  and  the  excess  of  the 
AgNOz  added  is  then  to  be  estimated  in  this  portion  of  the 
/ 70  \ 
total  \ 1 0 0 /’ 

This  is  done  as  follows  : — Pour  the  7 0 c.c.  into  a beaker, 
washing  out  the  flask  thoroughly ; add  5 c.c.  of  a 3 per  cent, 
solution  of  ammonia  iron  alum  {chlorine  free).  Now  run  in 
from  another  burette  standard  ammonium  sulphocyanate 
solution  (1  c.c.  of  this  = 1 c.c.  of  the  AgNOf),  until  a per- 
manent red  tint  of  the  iron  sidphocyanate  appears.  The 
number  of  c.c.  of  the  NHflJNS  used  gives  the  number  of  c.c. 

1 Standard  AgNOz  (1  c.c.  =10  mgrms.  NaCl). — This  strength  can  easily  be 
calculated  in  the  following  way  : — 

AgNOs  + NaCl  = AgCl  + NaN03 
1 Mol.  1 Mol. 

170  58-5 

That  is  to  say,  170  parts  AgN03  will  precipitate  the  chlorine  of  58 '5  parts 
NaCl.  The  strength  of  AgN03,  requisite  in  order  that  every  c.c.  should  equal 
10  mgrms.  NaCl,  would  be  obtained  by  dissolving  in  1 c.c.  the  equivalent 
weight  of  AgN03  for  that  quantity  of  NaCl  (10  mgrms.). 

That  is  to  say — 

170  : 58-5  ::  29  *06  : 10 

AgN03  NaCl  AgN03  NaCl 

Or,  if  29  '06  grins,  of  pure  fused  AgN03  be  dissolved  in  1 litre  of  water,  every 
c.c.  of  this  solution  will  be  equivalent  to  10  mgrms.  NaCl. 
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AgNOz  in  excess  over  that  required  to  precipitate  all  the 
chlorides . This  does  not  represent  the  whole  of  the  excess  of 

70 

AgNOz , but  — as  only  70  e.e.  of  the  original  100  c.e. 
were  used. 


An  example  will  make  this  clear. 

Example. 

10  c.c.  urine  taken  (total  twenty-four  hours’  excretion 
1500  c.c.),  made  up  to  100  c.c.  as  described,  20  c.c.  standard 
AgN03  being  taken.  Of  the  total  100  c.c.,  70  c.c.  were 
taken,  and  in  this  an  excess  of  8 ’4  c.c.  AgN03  was  found 
(that  is,  8’4  c.c.  NH4CNS  were  required).  That  is,  12  c.c. 
standard  AgN03  were  present  in  the  100  c.c.,  after  all  the 
chlorides  were  precipitated. 

20  c.c.  were  originally  added; 

. • . 20  — 12  = 8 c.c.  AgNOs  were  required  to  exactly  pre- 
cipitate all  the  chlorides  in  10  c.c.  urine. 

(The  standard  AgN03  solution  has  been  made  of 
such  a strength  that  each  c.c.  = 10  mgrms.  NaCl.) 

. 8 x 10  = 80  mgrms.  NaCl  in  10  c.c.  urine;  and 

80  x 150  = 12  grms.  in  1500  c.c.  urine. 

2.  Rapid  Method. 

As  a rule  the  AgCl  is  removed  by  filtration  before  esti- 
mating the  excess  of  AgN03.  This  is  done  in  order  to  pre- 
vent any  formation  of  silver  sulphocyanate  from  the  action 
of  ammonium  sulphocyanate  on  silver  chloride.  This  inter- 
change, however,  takes  place  so  very  slowly  that  it  is  not 
necessary,  with  moderately  rapid  working,  to  remove  the  AgCl 
before  estimating  the  AgN03  excess. 

Take  10  c.c.  urine,  add  about  90  c.c.  distilled  ivatcr, 
5 c.c.  of  the  ammonia  iron  alum  solution , and  sufficient 
HNOz  just  to  decolorise  the  ferric  salt.  Run  in  excess  of 
standard  AgNOz  {say  20  c.c.).  Noiu,  quickly  run  in  the 
sulphocyanate  solution , shaking  continuously , until  the  light- 
brown  tint  of  the  iron  sulphocyanate  becomes  permanent  in 
the  supernatant  liquid  {should  remain  five  minutes  at  least). 
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The  amount  of  NHfCNS 1 gives  at  once  the  excess  of  AgNO?> 
used  beyond,  the  quantity  required  to  precipitate  all  the  chlorides 
in  10  ex.  urine.  Knowing  the  original  number  of  c.c.  AgNOz 
taken , and  the  excess,  the  difference  will  give  the  member  used 
up,  and  each  c.c.  of  this  =10  mgrms.  NaCl. 

(b)  Mohr’s  Method. 

The  principle  of  this  method  is  the  precipitation  of  all  the 
chlorides  by  AgN03  (standard  solution)  in  neutral  solution. 
The  end  point  is  detected  by  adding  a solution  of  neutral 
potassium  chromate  to  the  diluted  urine  prior  to  titration. 
Whenever  the  AgN03  has  precipitated  all  the  chloride,  and  a 
small  excess  of  the  soluble  silver  salt  appears  in  the  fluid,  the 
alkaline  chromate  reacts  with  the  latter,  and  a faint  red  tint 
of  a trace  of  silver  chromate  appears. 

The  reaction  must  not  be  acid  (unless  it  be  a slight  acidity, 
due  to  acid  salts,  as  in  urine),  otherwise  some  bichromate  will 
be  formed  which  will  give  a reddish  tint  to  the  fluid,  and,  in 
addition,  the  silver  chromate  is  soluble  in  acids.  Slight  alka- 
linity does  no  harm ; if,  however,  much  alkaline  carbonate  be 
present,  a white  precipitate  of  silver  carbonate  forms. 

This  method  gives  too  high  results  for  the  urine,  because 
other  substances  which  are  present,  such  as  purin  bodies, 
sulphocyanates,  etc.,  combine  with  the  silver  before  the 
chromic  acid  does.  The  correction  referred  to  in  the  following 
example  does  not  remove  this  fallacy : — 

Example. 

Take  1 0 c.c.  of  the  twenty-four  hours’  urine  in  a beaker, 
dilute  with  about  nine  times  its  volume  of  water,  neutralise 
with  NafCO^  solution ,2  and  add  five  or  six  drops  of  a cold 
saturated  solution  of  potassium  chromate.  Gradually  run  in 
from  a burette  standard,  AgNOz  solution  ( 1 c.c.  = 10  mgrms. 

1 Standard  NITRONS. — Dissolve  13  grms.  pure  NH4CNS  in  1 litre  of  water. 
Run  in  this  solution  from  a burette  into  20  c.c.  of  the  standard  AgN03  solution, 
to  which  5 c.c.  of  the  ferric  salt  solution  and  4 c.c.  of  30  per  cent.  HN03  have 
been  added.  Note  the  point  when  end  reaction  is  given.  Knowing  the  number 
of  c.c.  NH4CNS  required  for  20  c.c.  standard  AgN03,  it  is  easy  to  dilute  until 
1 c.c.  of  the  former  equals  1 c.c.  of  the  latter. 

2 In  the  case  of  urine  this  neutralisation  is  not  absolutely  necessary. 
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NaCl),  stirring  constantly  with  a glass  rod , and  continue  doing 
so  until  the  'permanent  faint  red  colour  of  the  silver  chromate 
appears. 

From  the  number  of  c.c.  AgNOz  used,  deduct  one  ( the 
correction  referred  to),  and  on  multiplying  the  remainder 
by  10,  the  number  of  milligrammes  NaCl  in  10  c.c.  urine  is 
given,  and , knowing  this,  the  total  twenty -four  hours  chloride 
excretion  can  be  calculated ; e.g.,  if  8 c.c.  AgNO%  are  required 
for  10  c.c.  urine,  the  total  twenty-four  hours’  quantity  being 
1500  c.c. : then — 

C.c.  AgN03.  Urine. 

(8—1)  x 10  x 150  = 10  *5  grms.  NaCl  in  24  hours. 

6.  Phosphates. 

(a)  Total. 

The  method  that  is  most  commonly  employed  depends 
upon  the  precipitation  of  all  the  urinary  phosphates  by  a 
standard  solution  of  uranium  acetate  (or,  better,  uranium 
nitrate  in  the  presence  of  sodium  acetate  and  acetic  acid),  and 
the  detection  of  the  point  when  this  is  complete  and  a trace 
of  excess  of  soluble  uranium  salt  appears. 

This  end  point  may  be  shown  by  potassium  ferrocyanide, 
which  gives  a brown  precipitate  with  the  soluble  uranium  salt ; 
or  by  cochineal  tincture,  which  becomes  green  in  colour  at  the 
same  point. 

The  uranium  nitrate  solution  is  so  made  that  every  c.c. 
= 5 mgrms.  P206. 

This  standardisation  is  carried  out  by  titrating  the  uranium 
solution  against  a disodic  phosphate  solution,  containing  about 
the  same  amount  of  P2Os  as  average  normal  urine.  A solution 
of  Na2HP04.12  H20,  containing  0-2  grm.  P205  in  100  c.c.,  is 
prepared. 

As  this  cannot  satisfactorily  be  done  by  simply  weighing 
the  theoretical  amount  of  the  salt  (10‘094  grms.  Na2HP04. 
12H20)  and  dissolving  it  in  a litre  of  water  (owing  to  the 
efflorescence  of  the  crystals),  it  is  usually  carried  out  in  the 
following  way : — 

Weigh  about  12  grms.  of  the  salt.  Dissolve  in  a litre  of 
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water,  and  of  this  take  50  c.c.  Evaporate  this  to  dryness, 
incinerate  and  weigh  as  pyrophosphate.  50  c.c.  of  a F00  94 
per  cent,  solution  of  Na2HP04  should  furnish  ‘1875  grm.  of 
the  pyrophosphate.  From  the  amount  obtained  in  the  specimen 
which  has  been  incinerated,  one  can  calculate  the  amount  of  the 
original  disodic  phosphate  in  the  50  c.c.,  and  therefore  can  dilute 
the  solution,  so  that  I/O 094  grm.  are  present  in  100  c.c. 

The  uranium  solution  is  made  in  the  following  way : — 
35'461  grms.  uranium  nitrate,  Ur02(N03)2.6H20,  are  dis- 
solved in  rather  less  than  a litre  of  water,  and  the  solution 
is  then  standardised  against  the  Na2HP04  solution  (containing 
'2  per.  cent.  P205). 

Take  50  c.c.  of  the  Na2HP04  solution  in  a porcelain  basin, 
add  5 c.c.  of  the  acetic  acid  sodium  acetate  solution  (100  grms. 
sodium  acetate,  30  grms.  acetic  acid  made  up  to  1 litre  with 
water),  and  a few  drops  of  tincture  of  cochineal.  Heat  to 
boiling  point,  and  add  uranium  solution  until  the  mixture 
acquires  a permanently  faint  green  tint.  As  a control,  take  a 
drop  out  from  the  boiling  solution,  touch  a drop  of  potassium 
ferrocyanide  on  a porcelain  plate,  and  note  if  the  brown 
end  reaction  be  given ; if  not,  add  an  extra  drop  or  two  until 
it  is  distinct.  The  solution  should  be  of  such  a strength  that 
20  c.c.  should  be  equivalent  to  50  c.c.  of  the  Na2HP04  solu- 
tion, which  equals  T grm.  P205.  Supposing  18  c.c.  were 
sufficient  to  precipitate  the  P205  of  the  50  c.c.,  then  2 c.c. 
distilled  water  would  require  to  be  added  to  every  1 8 c.c.,  and 
the  titration  again  carried  out  until  20  c.c.  were  equal  to  the 
50  c.c.  of  the  Na2HP04  solution. 

Then  each  c.c.  of  the  uranium  solution  would  be  equivalent 
to  5 mgrms.  P2Os. 

It  is  necessary  to  add  the  sodium  acetate  to  neutralise  the 
HNOs,  which  is  set  free  when  uranium  nitrate  reacts  with  a 
mono-alkaline  phosphate  : thus — 

NaH2P04  + Ur02(N03)2  = Ur02HP04  + NaNOs  + HN03 
This  free  HN03  would  prevent  the  precipitation  becoming 
complete  by  breaking  up  the  uranium  phosphate.  The  acetic 
acid  is  employed  in  order  to  convert  all  the  phosphates  present 
in  the  urine  into  the  mono-alkaline.  It  also,  of  course,  prevents 
any  earthy  phosphates  remaining  undissolved,  or  a precipitate 
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of  uranium  hydrate  appearing,  such  as  would  occur  were  the 
solution  alkaline. 

Example. 

Take  50  c.c.  urine  in  an  Erlcnmeycr  flask,  add  5 ex.  of 
the  acetate  solution  and  a few  drops  of  cochineal  tincture. 
Bring  to  boiling  point,  and  then  run  in,  gradually,  the 
uranium  nitrate  solution,  until  the  green  colour  becomes 
permanent.  It  is  advisable  at  this  stage  to  take  a drop  of 
the  supernatant  liquid  and  bring  it  into  contact  with  one  of 
potassium  ferrocyanide , in  order  to  see  whether  the  two 
indicators  show  the  same  end  point.  This  is  absolutely 
necessary  if  the  urine  be  deeply  coloured. 

Note  the  number  of  c.c.  uranium  solution  used ; each 
c.c.  = 5 mgr  ms.  PfOb.  Say  20  c.c.  used  up—  100  mgr  ms. 
P.205  in  50  c.c.  urine,  or  3 grms.  Pf)b  in  twenty-four  hours, 
if  1500  c.c.  passed. 

(b)  Estimation  of  the  Mono-  and  Di-alkaline  Phos- 
phates (PlH2P04,  R2HP04). 

The  method  depends  upon  the  fact  that  the  latter  are 
precipitated  by  BaCl2,  while  the  former  are  not.  Hence,  if 
an  estimation  of  the  total  phosphates  be  made  in  the  way 
just  described,  and  then  if  in  another  portion  of  urine  the 
P205,  be  estimated  after  the  di-alkaline  phosphates  have  been 
precipitated  and  removed  by  filtration,  the  latter  estimation 
will  give  the  P2Os  in  RH2P04  and  the  total  P205  — P206  of 
the  RH2P04  = P205  of  R2HP04. 

This  method  is  not  satisfactory,  owing  to  the  impossibility 
of  preventing  transformation  of  the  one  phosphate  into  the 
other,  and  therefore  corrections  have  to  be  introduced  (3  per 
cent,  of  R2HP04  is  transformed  into  RH2P04,  and  so  raises 
the  amount  of  the  latter). 

If  an  accurate  method  of  arriving  at  the  amount  of 
RH2P04  were  known,  the  quantity  of  this  salt  would  represent 
the  acidity  of  the  urine  ( see  p.  129). 

7.  Sulphates. 

The  inorganic  and  ethereal  salts  both  require  to  be 
estimated.  The  method  depends  upon  the  fact  that  when 
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BaCl2  is  added  to  a mixture  of  these  sulphates  (urine)  in 
acetic  acid  solution,  the  inorganic  sulphate  of  barium  is  pre- 
cipitated while  the  organic  sulphate  of  barium  remains  in 
solution.  The  latter  can  be  decomposed  into  the  aromatic 
alcohol  and  inorganic  sulphate  on  boiling  with  HC1,  and  can 
thus  be  estimated  in  the  filtrate  from  the  original  inorganic 
sulphate.  In  order,  of  course,  to  estimate  the  total  sulphate, 
the  paired  acids  require  to  be  decomposed  by  boiling  with 
HC1,  when  all  the  S03  can  be  brought  down  as  BaS04. 

(a)  Total  S03. 

Take  5 0 c.c.  urine  ( filtered  and  proteid-free ) in  a beaker , 
dilute  with  an  equal  volume  of  water , add  5 c.c.  HCl  ( 1 in 
2),  and  boil  for  a quarter  of  an  hour.  Noiv  run  in  from 
burette  10  per  cent.  BaCL2  until  no  f urther  sign  of  a precipitate 
in  the  supernatant  fluid,  making  absolutely  certain  that  all  the 
sulphate  is  down,  and  that  there  is  a slight  excess  of  the  soluble 
barium  salt.  Now  keep  the  beaker  in  the  water  bath  {temp. 
50°  to  70°)  until  all  the  precipitate  has  settled  at  the  bottom , 
then  take  the  beaker  out  of  the  bath  and  leave  it  standing  in  a 
cold  place  for  at  least  an  hour  to  allow  any  BaSO 4 dissolved  in 
the  hot  acid  fluid  to  separate  out.  Pour  off  supernatant  fluid 
into  another  beaker,  ivash  precipitate  with  some  hot  water. 
Filter,  in  the  first  place,  the  precipitate  with  its  washings 
through  a close  filter  paper,  and  if  any  BaSO 4 pass  into  fil- 
trate, run  again  through  filter  paper  until  washings  are  clear. 
Then,  if  necessary,  filter  the  supernatant  fluid  through  same 
paper.  Test  filtrate  to  see  that  there  is  excess  of  the  soluble 
barium  salt.  Wash  the  precipitate  with  warm  water  until  it 
is  Ba  and  Cl2  free,  then  with  alcohol  and  ether.  Now  remove 
as  much  of  the  BaSO 4i from  the  filter  paper  as  possible,  collecting 
the  powder  on  glazed  black  paper,  transfer  to  platinum  crucible, 
and  incinerate.  Allow  cr  ucible  to  cool  somewhat,  add  the  filter 
paper  which  has  some  BaSO±  still  adhering,  and  incinerate. 
Before  complete  incineration,  moisten  ash  with  H2S0i  to  trans- 
form any  BaS  ( formed  by  the  action  of  the  charred  paper  upon 
BaSOfi  into  BaSO±.  Remove  crucible  to  exsiccator,  and,  when 
cool,  weigh.  Knowing  the  weight  of  the  empty  crucible,  the 
■weight  of  the  BaSO 4 precipitated  from  50  c.c.  urine  is  known, 
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and  from  this  the  amount  of  sulphate  may  be  calculated  in 
terms  of  H2SO±  (1  BaSOA  = *4201  H2SO,). 

As  some  of  the  reagents  may  contain  traces  of  sulphur,  and 
as  also  the  percentage  may  rise  from  incineration  over  a gas 
flame,  it  is  advisable  to  do  a control  analysis,  using  the  same 
amount  of  the  reagents,  and  incinerating  over  the  gas  flame  for 
the  same  period  as  in  the  other  analysis.  If  any  sulphate 
be  obtained  in  this  control  analysis,  then  it  requires  to  be 
deducted  from  the  previous  amount.  In  many  cases  it  is 
advisable  to  use  a spirit  flame  rather  than  the  gas. 

(b)  Organic  Sulphates. 

Add  100  c.c.  of  baryta  mixture  (2  parts  saturated 
baryta  ivatcr  and  1 part  saturated  BaCIf)  to  100  c.c.  of 
urine  in  a dry  beaker.  After  ten  minutes,  filter  through  dry 
filter  paper  into  a dry  flask.  Take  a large  portion  of  the 
filtrate  ( say  150  c.c.),  neutralise  with  HOI,  and  then  add 
10  c.c.  HCl , boil  a few  minutes,  and  proceed  in  the  way 
described  for  the  total  sulphates. 

In  this  way  the  amount  of  organic  sulphate  stated  in  terms 
of  the  H2S04  is  arrived  at.  The  baryta  mixture  precipitates 
the  inorganic  sulphates  and  phosphates,  while  the  organic 
sulphate  of  barium  remains  in  solution. 

(c)  Inorganic  Sulphates. 

The  difference  between  the  amount  of  the  total  and  the 
organic  sulphates  gives  the  amount  of  the  inorganic  H2S04. 

8.  Ammonia. 

The  method  that  has,  until  recently,  been  most  generally 
employed  is  that  of  Schlosing. 

It  depends  upon  the  setting  free  of  ammonia  from 
preformed  ammonium  salts,  by  the  action  of  milk  of  lime  at 
room  temperature,  and  the  absorption  of  the  ammonia  by  a 

N 

measured  amount  of  — H9SO,.  The  acid  is  then  titrated, 

10  2 4 

after  the  decomposition  of  the  ammonium  salts  is  complete, 
and  from  the  amount  of  the  acid  neutralised  the  amount  of 
NHjj  can  he  calculated. 
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The  estimation  is  carried  out  in  the  following  way : — 

On  a ground-glass  plate  place  a flat-bottomed,  shallow 

H 

glass  dish  {with  spout),  containing  20  c.c.  — H2SO±.  Over 

this,  and  resting  upon  a suitable  glass  support,  place  a similar 
glass  dish,  containing  20  c.c.  of  filtered  fresh  urine,  to  which 
a little  toluol  has  been  added.  Have  a greased,  well-fitting 
bell-jar  ready  to  fit  on  to  the  ground-glass  plate.  Now  add 
guiclcly  20  c.c.  freshly  prepared  milk  of  lime  to  the  urine,  stir, 
and  immediately  cover  with  the  bell-jar.  If  a slip  of  moist- 
ened red  litmus  paper  be  placed  on  the  inner  side  of  the  bell- 
jar  it  will  soon  become  blue  in  colour,  owing  to  the  ammonia 
which  has  come  off,  but  which  has  not  yet  been  taken  up  by 
the  acid.  After  about  four  days,  take  out  the  dish  containing 
the  acid,  empty  into  a beaker,  washing  out  the  dish  thoroughly 
with  distilled  water,  and  adding  the  wash  water  to  the  rest  of 
the  acid.  Add  a few  drops  of  rosolic  acid,  and  now  run  in 
N 

— NaOH from  burette  until  the  red  tint  gust  becomes  permanent. 

N 

Note  number  of  c.c. NaOH  — used.  This  gives  the  number  of 
N 

c.c.  — II^SO*  not  neutralised. 

10 

N 

Originally  2 0 c.c.  — H2SO±  present, 

Now,  say  10  „ „ 


N 

10  c.c.  — H2SO±  neutralised  by  NH3  from 

20  c.c.  urine. 

N 

{Every  c.c.  of  — H2SOi  equivalent  to  1'7  mgrm. 

NH3,  vide  p.  128.) 

I.e.,  10  x 1*7  mgrms.  NHS  in  20  c.c. 

Or  17x75  = mgrms.  NH3  in  twenty -four  hours,  if 
1500  c.c.  urine  have  been  passed. 

One  of  the  disadvantages  of  this  method  is  that  it  takes 
a long  time  to  carry  out  an  estimation,  and,  in  addition, 
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there  is  always  the  possibility  of  the  urea  being  partly 
decomposed. 

The  process  is  much  hastened  if  the  separation  of  the 
NH3  take  place  in  vacuo  and  at  a slightly  higher  temperature. 
Care  has  to  be  taken  that  under  such  conditions  the  urea 
does  not  give  off  NH3.  A simpler  arrangement,  more  suit- 
able for  rapid  class  work  than  that  of  Nencki  and  Zaleski, 
can  easily  be  put  up  in  any  laboratory,  as  for  example  that 
described  by  Kruger  and  Reich  ( ZtscJvr . /.  physiol.  Chem., 
Bd.  xxxix.  S.  165). 

ORGANIC  CONSTITUENTS. 

i.  Total  nitrogen. 

This  method  may  be  taken  along  with  those  concerned 
with  the  organic  constituents,  as  much  the  larger  proportion 
of  the  nitrogen  is  organically  bound.  The  method  that  is  prac- 
tically always  employed  for  the  estimation  of  nitrogen  in  such 
fluids  as  urine,  milk,  etc.,  is  that  of  Kjeldahl,  and  although  it 
is  far  from  being  free  from  fallacies,  it  is  the  only  practicable 
method  at  the  present  day  in  the  case  of  such  mixed  fluids  as 
the  above-mentioned  ones.  It  cannot  be  employed  if  nitro- 
or  pyridin-derivatives  are  present.  If  nitrates  are  present, 
they  require  to  be  reduced  to  ammonia.  The  principle  of  the 
method  is  by  no  means  clear.  The  urine  is  boiled  with  con- 
centrated H2S04,  and  certain  substances  are  added  which 
either  aid  the  incineration  by  raising  the  boiling  point  of  the 
acid,  or  by  acting  as  oxidising  agents. 

The  duration  of  the  incineration  is  much  lessened  by  the 
addition  of  such  oxidising  agents  as  anhydrous  cupric 
sulphate,  mercuric  oxide,  or  metallic  mercury.  The  last- 
mentioned  one  is,  in  many  respects,  the  best,  as  it  shortens 
the  process  very  much.  It  forms,  however,  mercuri-am- 
monium  compounds,  which  require  to  be  broken  up  before 
distillation  with  NaOH  can  set  the  ammonia  free.  This  can 
be  satisfactorily  done  by  adding  zinc  dust  to  the  acid  fluid 
after  the  greater  part  of  the  acid  has  been  neutralised.  This 
results  in  the  evolution  of  hydrogen,  and  this  in  statu  nascendi 
effects  the  decomposition,  and  afterwards  prevents  bumping  in 
the  alkaline  fluid.  This  decomposition  is  most  usually  brought 
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about  by  adding  alkaline  sulphide,  which,  however,  is  a more 
troublesome  method  than  the  one  just  described. 

In  the  case  of  urine,  the  addition  of  K2S04  and  CuS04  to 
the  sulphuric  acid  accomplishes  the  oxidation  sufficiently 
rapidly,  and  thus  renders  either  of  the  above  additions  un- 
necessary. This  addition  of  K2S04  (Gunning)  is  very  useful, 
as  it  forms  acid  salts  with  the  sulphuric  acid,  which,  unlike 
the  acid  itself,  give  up  their  water  more  readily  than  they  do 
the  acid,  and  so  overcome  the  tendency  to  gradual  weakening 
of  the  acid  fluid  from  loss  of  H2S04. 

If  there  be  much  tendency  to  frothing  during  the  in- 
cineration, it  is  advisable  to  add  a small  piece  of  paraffin  to 
the  liquid.  After  complete  oxidation  of  the  carbon,  etc.,  the 
nitrogen  is  present  in  the  form  of  (NH4)2S04,  and  from  this  the 
ammonia  is  set  free  by  making  the  solution  strongly  alkaline 
with  KOH,  and  distilling  the  ammonia  over  into  a measured 

quantity  of  H2S04 

The  amount  of  ammonia,  and  from  it  the  nitrogen,  is 
calculated  by  determining  the  number  of  c.c.  of  the  acid 
which  have  been  neutralised. 

Process. 

From  the  twenty-four  hours  urine  take  up  in  a pipette 
5 c.c.,  run  into  rouncl-bottomed  Kjelclalil  flask  of  about 
500  c.c.  capacity,  add  1 0 c.c.  cone.  H2S0±  and  three  or  four 
crystals  of  CuS0±.  Place  over  a small  gas  flame  in  draught 
chamber,  supporting  the  flask  in  inclined  position}  and  boil 
until  all  the  water  has  evaporated,  then  add  about  5 grms.  of 
pure  K%S0±  {which  subsequently  acts  as  the  pyrosulphate). 
Place  small  f unnel  in  neck  of  flask,  and  heat  the  mixture  at 
first  very  carefully  and  then  strongly.  Boil  for  some  time 
after  the  mixture  has  become  quite  clear  {at  least  half  an 
hour).  Now  remove  the  flame  and  allow  to  cool  slightly,  then 
pour  in  about  50  c.c.  of  distilled  water,  and  shake  thoroughly. 
Add  about  half  a teaspoonful  of  talc  to  prevent  bumping ; 
pour  about  20  c.c.  33  per  cent.  KOH  into  separating  funnel , 
which  is  inserted  in  one  of  the  openings  of  the  bored  rubber 
1 See  Figure  of  Incineration  Apparatus  (Kjeldalil). 


Incineration  Apparatus  (Kjeldahl). 
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quantity  of  the  — H2SO±.  Now , when  all  connections  are 


stopper  in  the  distillation  flash  and  gradually  run  in  the  alkali 
until  the  fluid  is  almost  neutralised. , although  still  of  slight  acid, 
reaction.  Before  rendering  the  solution  strongly  alkaline , see 
that  all  necessary  connections  are  made  for  the  distillation. 
Through  the  other  opening  in  the  stopper , insert  a.  suitable  bent 
glass  tube  which  has  upon  it  a safety  bulb  to  prevent  fixed 
alkali  sparking  over  into  the  condensing  tube.  Connect  this  with 
a Liebig  s condenser  (a  water-jacket , although  not  absolutely 
necessary , is  of  advantage ),  which  is  connected  at  the  other 
end  with  an  adapter  which  passes  down  into  the  receiving 

N 

flask  containing  50  c.c.  — H2SO±.  Before  commencing  to 

distil , sec  that  the  end  of  the  adapter  dips  into  the  acid.  It 
is  very  advisable  to  connect  with  the  receiver  a bent  glass  tube 
with  bulb,  containing  glass  beads  moistened  with  a measured 

N 

fo 

made,  run  in  from  the  separating  funnel  sufficient  KOH  ( about 
50  c.c.  in  all)  to  make  solution  in  distillation  flask  strongly 
alkaline.  The  mixture  has  now  a deep  blue  tint,  due  to 
the  formation  of  ammonium  cupric  hydrate.  Close  stopcock 
immediately  after  the  addition  of  the  necessary  amount  of 
alkali.  Place  the  flame  below  the  flask,  and  boil  until  the  dis- 
tillate is  free  from  ammonia.  Care  should  be  taken  to  prevent, 
as  far  as  possible,  much  condensation  on  the  walls  of  the  dis- 
tillation flask,  as  otherwise  some  fixed  alkali  is  certain  to 
be  carried  over  by  the  condensed  water  vapour.  Therefore 
surround  safety  bulb,  etc.,  with  cotton-wool.  Hoivever  much 
care  is  taken,  there  is  a very  great  tendency,  if  the  distillation 
be  prolonged,  to  have  some  fixed  alkali  carried  over.  Hence  it 
is  advisable  not  to  lay  too  much  stress  upon  very  slight 
alkaline  reaction  of  the  distillate  after  prolonged  distillation. 

It  is  cdso  advisable  to  add  a drop  or  two  of  rosolic  acid 
to  the  acid  in  the  receiver,  so  as  to  show  whether,  at  any  time , 
cdl  the  IfiSO^  has  been  neutralised  or  not.  If  it  has,  as 
shown  by  the  red  tint  due  to  excess  of  ammonia , then  run  in 


1 The  same  flask  that  was  used  for  the  incineration  is  employed  for  the 
distillation. 
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N 

from  burette  a measured  amount  of  HSOd  — more  than 

sufficient  to  render  the  distillate  acid.  In  some  respects  1 per 
cent,  methyl-orange  (a  single  drop),  which  gives  a pink  colour 
when  reaction  is  acid,  a light  yellow  when  alkaline,  is  prefer- 
able, especially  if  carbonic  acid  be  present. 

H 

When  the  distillation  is  finished,  titrate  the  — IfSO^ 
N 

against  the  — NaOH.  The  difference  between  the  later  and 

the  original  titre  gives  the  amount  of  acid  that  has  been 
neutralised. 

Noiu,  1 c.c.  of  — HSO,  = 1 c.c.  — NHo, 

J 10  2 10  3 


and  1 c.c. 
Example. 


N 17  14 

— NHo  = — mqrms.  NHo,  or  — mqrms.  N. 

10  10  10 


Originally,  50  c.c.  H2S04 


N 

To 


After  distillation,  excess  of  acid  neutralised  by 

N _ N 

To 

N 


10  c.c.  NaOH  — = 10  c.c.  H2S04 


10 


. 40  c.c.  H0SCb 


10 


have  been  neutralised. 


Or,  stated  in  terms  of  nitrogen,  40x1 '4  = 56  rngrms. 


nitrogen  in  5 c.c.  urine. 


If  1500  c.c.  urine  passed  in  twenty-four  hours,  then 
56  x 300  = 16*8  grins,  nitrogen. 


2.  Urea. 

(a)  Hufner’s  Method. 

This  is  the  method  which  is  most  commonly  employed  in 
clinical  work.  It  depends  upon  the  decomposition  of  urea  into 
water,  carbonic  acid  and  nitrogen  by  sodium  liypobromite.  The 
strongly  alkaline  solution  absorbs  the  C02,  and  thus  the  only  gas 
remaining  is  nitrogen,  the  volume  of  which  can  be  estimated. 

CO(NH2)2  + 3NaBrO  + 2NaOH  (or  more)  = 

3NaBr  -f  N2  + Na2COs  -f  3H20. 


r 


Dupre's  Ureometer, 
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Theoretically,  1 grm.  urea  gives  off  372  c.c.  nitrogen  at 
0°  and  760  mm.  Hg  pressure,  but  the  hypobromite  solution 
only  sets  free  354*33  c.c.  nitrogen  from  each  gramme.  It  is 
this  latter  factor  which  is  taken  for  the  calculation.  There  are 
other  bodies  in  the  urine  which  give  off  their  nitrogen,  either 
in  whole  or  in  part,  under  the  same  conditions,  so  that  this 
introduces  another  error.  As  a rule  the  volume  is  not 
corrected  for  temperature  and  pressure. 

Method. 

Pour  20  c.c.  NaBrO  solution 1 into  wide-necked  Erlen- 
meycr  flask , or  into  a suitable  sized  square  bottle.  Take  up 
5 c.c.  protcid-frec  urine  in  pipette,  run  into  small  tube,  and 
carefully  introduce  the  latter  into  the  vessel  containing  the 
hypobromite,  placing  it  against  side  of  flask.  Insert  rubber 
stopper  in  flask  and  connect  by  suitable  tubing  with  one  limb 
of  a T-piece,  which  has  on  the  upper  limb  a piece  of  tubing 
with  a clip,  while  the  lower  limb  is  connected  with  an  inverted 
burette  in  a tall  jar  of  ivater,2  to  ivliich  some  KOH  has  been 
added,  the  alkali  being  added  to  ensure  the  absorption  of  any 
CO 2 which  may  have  escaped  fixation  by  the  excess  of  alkali 
present  in  the  hypobromite  solution.  Open  the  clip  and  raise 
or  lower  the  tube  until  the  fluid  stands  at  about  the  level  of 
the  uppermost  graduation.  N010  clamp  tube,  and  test  for 
possible  leakage  by  raising  and  lowering  the  burette,  thus 
varying  the  pressure.  If  any  leakage  does  occur,  localise  its 
position  by  closing  different  parts  of  tubing,  testing  stopper, 
etc.  Noiv,  having  seen  that  no  air  can  escape  from  the  system, 
especially  seeing  that  stopper  is  securely  in,  take  the  reading  of 
the  burette  when  the  fluid  in  and  outside  is  at  the  same  level, 
and  note  it  down.  Now  tilt  the  flask  so  as  to  allow  the  urine 
to  mix  with  the  alkaline  hypobromite  solution,  seeing  that  the 
small  tube  is  thoroughly  washed  out  with  the  latter.  The 
nitrogen  comes  off  rapidly.  Allow  the  gas  to  return  to  the 
original  temperature,  hastening  this  by  placing  the  flask  in 

1 NaBrO  solution. — Dissolve  100  grms.  NaOH  in  250  c.c.  water,  and  add 
25  c.c.  bromine  after  the  solution  has  been  completely  cooled.  This  must  be 
done  in  well-ventilated  draught  chamber. 

2 An  apparatus,  such  as  the  one  shown  in  the  Figure  (Dupre’s),  may  be 
employed. 
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a dish  of  cold  water.  Now  take  the  reading  again  with  the 
water  in  and,  outside  at  the  same  level.  The  volume  of  the 
gas  being  thus  obtained, , the  amount  of  urea  in  the  urine  is 
easily  calculated. 

Example. 

40  c.c.  nitrogen  were  obtained  from  5 c.c.  urine,  and 
35*433  c.c.  nitrogen  are  obtained  from  *1  grm.  urea. 
.*.  40  c.c.  nitrogen  = circa  *11  grms.  urea,  i.e.,  in  5 c.c. 
urine. 

If  1500  c.c.  urine  passed  in  twenty-four  hours,  then 
*11x300  = 33  grms.  urea  in  twenty-four  hours. 

Or,  if  a correction  for  temperature  and  pressure  be  made, 
then  the  calculation  is  made  as  follows  : — 

1500V(&-&') 

W = 760x354-33  x 5(l  + '003665<°) 
when — 

W = grms.  urea  in  1500  c.c.  urine  (twenty-four  hours’ 
quantity). 

Y = volume  of  nitrogen  in  c.c. 
b = observed  barometric  pressure  in  mm.  Hg. 
b'  = tension  of  aqueous  vapour  at  t°. 
t°  = temperature  at  time  of  estimation. 

5 = c.c.  of  urine  employed. 


( b ) Morner  and  Sjoqvist’s  Method. 

This  method  gives  more  accurate  results  than  the  former. 
It  depends  upon  the  precipitation  of  all  the  organic  nitrogenous 
constituents  of  the  urine,  except  urea,  by  a baryta  mixture, 
in  an  alcoholic  ethereal  solution.  In  the  filtrate  the  urea  is 
estimated  by  Kjeldahl’s  method,  any  ammonium  salts  being 
previously  decomposed  and  the  ammonia  driven  off. 

Process. 

Add  to  5 c.c.  urine  in  an  Erlenmeycr  flask  5 c.c.  of  a 
baryta  mixture  {saturated  BaCl2  solution  containing  5 per 
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cent.  Ba(OH),f),  then  100  c.c.  of  an  alcohol-etlicr  mixture 
(2  volumes  97  per  cent,  alcohol  and  1 volume  ether).  Shake, 
then  insert  a stopper  in  the  flask  and  leave  until  next  day. 
Filter,  wash  the  precipitate  thoroughly  with  the  alcohol-etlicr 
mixture,  collecting  filtrate  and  washings.  Evaporate  off  the 
alcohol  and  ether  at  a temperature  below  60°  ( better  to  distil 
in  vacuo),  and  when  about  25  c.c.  are  left,  in  order  to  drive 
off  the  ammonia,  add  a small  quantity  of  water  and  some 
magnesia  water  (1  in  12).  Warm  until  no  more  volatile 
alkali  comes  off.  Now  pour  the  fluid  into  a Kjcldahl  flask, 
neutralise  with  dilute  and  after  evaporating  down 

somewhat,  incinerate  with  cone.  H2SO±,  etc.,  in  the  usual  way. 

By  multiplying  the  amount  of  nitrogen  by  2*143,  the 
amount  of  urea  is  arrived  at. 

3.  Uric  acid. 

Various  methods  are  in  vogue  for  the  estimation  of  uric 
acid.  The  first  really  accurate  one  was  that  of  Ludwig,  which 
has  been  modified  by  Salkowski  and  others.  It  may  be  re- 
garded as  the  standard  process,  but,  owing  to  the  time  occupied 
in  carrying  it  out,  another  method  (Hopkins’)  has  partly  at 
least  displaced  it.  The  latter  method,  owing  to  its  general 
applicability,  will  be  first  described. 

1.  Hopkins’  Method. 

This  method  depends  upon  the  fact  that  all  the  uric  acid 
may  be  precipitated  from  urine  by  saturating  it  with  ammonium 
chloride.  The  ammonium  urate  so  obtained  is  easily  broken 
up  by  addition  of  acid,  and  the  uric  acid  may  be  subsequently 
estimated,  either  by  weighing  or  by  titration  with  standard 
potassium  permanganate  in  warm  dilute  H2S04.  When 
certain  conditions  are  fulfilled,  the  standard  permanganate 
oxidises  a fixed  amount  of  uric  acid.  It  is  not  necessary, 
however,  to  separate  the  uric  acid  from  the  ammonium  urate 
if  permanganate  be  employed.  The  deposit  of  urate  can  be 
used  directly. 

In  all  the  different  methods  of  carrying  out  Hopkins’ 
method,  the  first  stage  is  the  same. 
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First  stage. 

Powder  30  grms.  of  pure  NHfJl  ( free  from  ferrous  salt) 
in  a mortar,  transfer  to  a beaker,  and  add  100  c.c.  of  urine 
which  has  been  warmed,  to  a temperature  of  about  50°. 

Mix  up  thoroughly,  add  a small  quantity  of  ammonia  and 
leave  for  two  to  three  hours.  Siphon  off  supernatant  fluid, 
then  wash  deposit  with  saturated  NHfJl  solution  if  the  uric 
acid  is  going  to  be  separated,  but  with  pure  (NHfSO^  solu- 
tion ( 9 parts  of  saturated  solution  to  1 of  water)  if  titration 
with  standard  permanganate  is  going  to  be  carried  out. 

It  is  very  advisable  to  wash  twice  or  thrice  before  drain- 
ing off  the  fluid  through  filter  paper,  as  filtration  is  very  slow 
when  (NHi)2S04:  solution  is  used.  By  centrifugalising  and 
siphoning  off  the  supernatant  fluid  the  process  can  be  much 
hastened,  or  suction  pump  may  be  used  either  with  or  without 
centrifugalisation. 

Now,  either  of  two  things  may  be  done — [A]  The  urate 
deposit  may  be  dissolved  and  the  acid  set  free  by  adding  HC1 ; 
or  [B]  it  may,  after  solution,  be  directly  titrated  with  standard 
permanganate. 

Second  stage  [A]. 

After  deposit  has  been  thoroughly  washed  with  saturated 
NHfJl  and  filtered  with  aid  of  suction  pump,  remove 
as  much  of  the  deposit  as  possible  from  the  filter  paper, 
transfer  to  beaker,  and  dissolve  in  as  small  a quantity  of 
boiling  water  as  possible.  Now  pour  boiling  water  on  the 
filter  paper,  receiving  the  washings  into  the  same  beaker. 
Finally,  perforate  paper  and  wash  through  all  the  remaining 
deposit.  Mix  thoroughly  with  the  hot  water  the  deposit  which 
is  still  undissolved,  bring  to  boiling  point,  and  filter  quickly 
through  folded  filter  paper.  Transfer  fluid  to  porcelain  basin, 
acidify  slightly  with  HCl,  evaporate  down  to  about  50  c.c.  on 
open  flame,  and  to  about  15  to  20  c.c.  on  water  bath.  Then 
acidify  strongly  with  HCl  and  leave  overnight. 

The  uric  acid  which  separates  out  may  be  estimated  in 
either  of  three  ways  : — 
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(a)  Gravimctrically. 

Filter  through  weighed  filter  paper  into  a 100  c.e. 
measured  cylinder,  wash  chlorine-free  with  distilled  water. 
Measure  the  volume  of  filtrate  and  wash  water.  Then  wash 
with  absolute  alcohol  and  ether,  and  dry  at  105°  to  constant 
weight.  The  weighings  can  be  done  with  clamped  luatch  glasses 
or  weighing  bottle.  The  weight  of  the  filter  paper  being  known, 
that  of  the  uric  acid  in  100  c.e.  of  urine  is  at  once  arrived 
at.  1 mgrm.  uric  acid  must  be  added  to  the  weight  for  every 
1 5 c.e.  of  the  filtrate  and  wash  water. 


Q 3 ) Estimation  of  nitrogen  in  uric  acid  deposit. 

If  the  uric  acid  be  collected  on  an  unweighed  ash-free 
filter  paper  and  incinerated  by  KjeldaliVs  method,  the  amount 
of  uric  acid  can  be  calcidatcd  from  the  amount  of  nitrogen 
found  (. N x 3 = H2  U). 


(7)  Titration  with  potassium  permanganate. 

The  uric  acid,  after  being  washed  free  from  chlorine,  is 
dissolved  in  as  small  a quantity  of  hot  10  per  cent.  Na2C03  as 
possible,  cooled  quickly,  and  volume  made  up  to  100  c.e.  with 
water.  Pour  the  fluid  into  a beaker,  add  2 0 c.e.  concentrated 


N 


H2SO±,  mix  thoroughly , and  run  in  ^potassium  permanganate 


solution  (1  c.c.  = 3-75  mgr  ms.  uric  acid)  from  a burette, 
shaking  continuously,  until  a point  is  reached  when  the  red 
colour  is  no  longer  immediately  discharged  on  shaking,  but 
remains  for  a few  seconds  as  a general  diffused  red  tint.  The 
titration  should  be  carried  out  with  the  uric  acid  solution  at 

o o N 

a temperature  of  from  60  to  63  . C.c.  — permanganate 

A U 


X 3-75  =mgm.  uric  acid  m 100  c.c.  urine. 


Second  stage  [B]. 

( b ) Titration  of  the  urate  {without  preliminary  separa- 
tion of  the  acid)  with  standard  permanganate. 

The  deposit  has  been  washed  chlorine-free  with  ammonium 
sulphate  solution,  and  it  is  now  dissolved  in  hot  water,  then 
cooled,  and  solution  made  up  to  100  c.c.  The  rest  of  the 
process  is  the  same  as  for  (7). 
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Worner  has  shortened  the  method  by  warming  the  urate 
deposit  (washed  Cl2-free  with  (NH4)2S04)  with  2 per  cent. 
NaOH  until  all  the  ammonia  has  been  driven  off  and  the  urate 
is  all  dissolved  as  sodium  urate.  This  solution  is  then  inciner- 
ated by  Kjeldahl’s  method  and  the  nitrogen  estimated  in  the 
usual  way.  There  is  always  the  risk  by  this  method,  that  the 
uric  acid  may  lose  part  of  its  nitrogen  in  the  form  of  ammonia 
on  heating  with  the  alkali. 

Solutions. 

1 and  2.  The  ammonium  chloride  and  sulphate  must  be 
as  pure  as  possible.  Both  should  be  recrystallised  and  free 
from  ferrous  salt,  the  latter  also  free  from  chloride. 


3.  Potassium  'permanganate  (To  normal). — 1-581  grm.  of 
the  salt  are  dissolved  in  a litre  of  water  and  titrated  against 
N 

2Q-  oxalic  acid.  1 c.c.  = 3 ’7 5 mgrms.  uric  acid.  One  molecule 
of  uric  acid  takes  up  IT 3 5 atom  of  oxygen. 


2.  Ludwig- Salkowski  Method. 

This  method  depends  upon  the  fact  that  uric  acid  can 
be  separated  out  in  insoluble  form  from  a weak  ammoniacal 
urate  solution,  by  addition  of  ammoniacal  silver  nitrate 
and  magnesium  chloride  dissolved  in  ammoniacal  ammonium 
chloride  (magnesia  mixture).1  This  insoluble  compound  is  a 
magnesium  silver  urate  which  separates  out  as  a gelatinous, 
more  or  less  fiocculent,  precipitate  (see  p.  105).  This  double 
urate  can  be  decomposed  by  a hot  alkaline  sulphide  solution, 
the  alkaline  urate  now  being  in  solution  and  the  silver  pre- 
cipitated as  sulphide.  The  uric  acid  can  then  be  separated 
from  the'  alkaline  urate  by  acidifying  and  evaporating  down 
to  small  bulk,  when  it  can  be  filtered  off  from  the  acid  solution 
and  after  suitable  treatment  weighed. 

It  is  very  advisable  to  work  with  fairly  large  fractions 
of  the  day’s  urine. 


1 See  Appendix. 
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Method. 

Take  200  c.c.  of  the  mixed  urine  in  a beaker,  add,  20 
ex.  of  the  AgNOz  solution } 2 0 c.c.  of  the  magnesia  mixture 1  2 3 
and  sufficient  ammonia  to  keep  the  AgCl  in  solution.  Shake 
thoroughly,  and  allow  mixture  to  stand  about  one  hour. 
Add  to  the  supernatant  fluid  a drop  or  two  of  the  silver 
magnesia  solution,  and  see  whether  all  the  urate  is  precipitated. 
If  it  be,  siphon  off  and  filter  first  of  all  the  supernatant 
fluid,  then  mix  up  deposit  with  ammoniacal  water,  and  filter. 
When  all  the  deposit  is  on  the  paper,  in  order  to  hasten  the 
process  attach  to  aspirating  pump,  filter  and  wash  with 
ammoniacal  water  until  the  ‘washings  are  practically  silver- 
and  chlorine-free.  By  thoroughly  mixing  up  the  deposit 
with  ammoniacal  water,  before  getting  it  upon  the  paper,  this 
process  is  much  hastened.  Drain  the  precipitate  as  dry  as 
possible  on  the  suction  pump,  then  with  a glass  rod  remove  as 
much  of  deposit  as  possible  into  a flask,  finally  perforating 
the  paper  and  washing  through  into  the  flask  the  last  traces 
of  adhering  urate.  To  this  add  20  c.c.  of  a sodium  sulphide 
solution ,B  shake  thoroughly  for  a few  minutes,  and  bring  to 
boiling  point.  Then  filter  rapidly  the  hot  solution  through 
a folded  filter  paper.  If  the  fluid  do  not  run  through 
colourless,  then  acidify  slightly  with  acetic  acid  and  refilter. 
Wash  the  Ag2S  precipitate  which  is  on  the  paper  thoroughly 
with  hot  water,  adding  the  washings  to  the  rest  of  the  filtrate, 
then  acidify  the  latter  with  HCl  and  evaporate  down  in  a 
porcelain  basin,  at  first  carefully  over  the  open  flame,  and 
then,  when  the  volume  is  about  100  c.c.,  on  the  water 
bath.  When  the  volume  is  about  15  c.c.,  acidify  strongly 
until  HCl  and  leave  in  a cool  place  at  least  three  hours 
( preferably  overnight).  Filter  through  weighed  filter  paper, 
wash  chlorine-free  with  distilled  water,  taking  care  that 


1 AgNOs  solution. — 26  grms.  AgN03  dissolved  in  water,  ammonia  added 
until  all  the  Ag20  has  dissolved,  and  then  made  up  to  litre  with  distilled  water. 

2 Magnesia  mixture. — Dissolve  100  grms.  of  recrystallised  MgCL  in  sufficient 
water  to  keep  it  in  solution,  then  200  grms.  NH4C1,  sufficient  ammonia  to 
make  strongly  alkaline,  and  then  distilled  water  up  to  1 litre. 

3 Saturate  some  1 per  cent.  NaOH  with  II2S,  and  add  an  equal  volume  of 
pure  1 per  cent.  NaOH. 
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filtrate  and  wash  water  do  not  amount  to  rrwre  than  50  to 
70  e.c.  Then  wash,  with  alcohol , CS2,  and  ether , and  dry  at 
110  to  constant  weight.  For  every  50  e.c.  filtrate,  etc.,  add, 
2 -5  mgrms.  uric  acid.  Instead  of  weighing  the  uric  acid,  its 
nitrogen  may  he  estimated  hy  Kjeldahl’s  method  (p.  139), 
and  from  it  the  amount  in  terms  of  uric  acid  can  he 
calculated  ( N x 3 = H%  U). 

4.  Glucose. 

Different  methods  are  employed,  those  in  most  common 
use  depending  upon  the  reduction  of  cupric  oxide  by  glucose 
in  alkaline  solution.  When  certain  conditions  are  fulfilled, 
a fixed  quantity  of  Fehling’s  solution  (vide  p.  6)  is  reduced 
by  a given  weight  of  glucose.  Among  these  conditions  the 
most  important  are  the  following : — The  sugar  solution 
must  be  between  '5  and  1 per  cent.,  must  be  added  to 
the  Fehling  solution  practically  at  one  time,  and  not  in 
small  portions,  and  the  reduction  must  take  place  at  boiling 
point. 

If  one  run  a 1 per  cent,  solution  of  glucose  into  boiling 
Fehling’s  solution  (diluted  1 in  5),  5 *05  5 molecules  CuO  are 
reduced  by  1 molecule  glucose. 

The  urine  must  be  free  from  albumin.  If  not,  a fixed 
volume  is  brought  to  boiling  point,  acidified  with  acetic  acid, 
and  boiled  for  a very  short  time,  until  coagulum  has  balled 
together.  It  is  then  filtered  and  precipitate  washed  with  hot 
water,  until  the  washings  make  up  the  urine  to  the  original 
volume. 

1.  Fehling’s  Method. 

Run  10  e.c.  freshly  prepared  Fcliling’ s solution  from  a 
burette  into  a porcelain  basin,  dilute  with  4 0 e.c.  of  water,  and, 
bring  to  boiling  point.  Now,  from  burette  containing  glucose 
solution  (diabetic  urine)  run  in  1 e.c.  at  a time,  keeping 
the  solution  at  boiling  point.  Note  when  the  blue  colour  is 
undoubtedly  discharged  and  there  is  probably  a slight  yellow 
colour  in  the  supernatant  liquid,  due  to  the  action  of  the 
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strong  alkali  upon  the  excess  of  glucose.  This  first  preliminary 
titration  gives  a rough  idea,  of  how  much  sugar  is  present. 
If  h 'ss  than  5 e.e.  of  the  glucose  solution  reduce  the  1 0 c.c. 
Fchling  completely , then  it  requires  to  be  diluted  until  between 
5 and  10  c.c.  arc  required  to  arrive  at  the  end  point. 

After  diluting  to  this  extent  (i.e.  a -5  to  1 per  cent,  glucose 
solution),  repeat  the  titration , but  in  this  case,  instead  of 
running  in  the  solution  in  small  portions , run  in  at  once 
slightly  less  than  the  amount  you  think  will  produce  complete 
reduction,  and  then  find  the  end  point,  namely,  the  discharge 
of  the  blue  tint  in  the  supernatant  fluid,  by  adding  cautiously 
a few  drops  at  a time.  Repeat  this,  trying  as  far  as  possible 
to  add  at  one  time  almost  all  the  glucose  solution  that  will 
effect  the  reduction. 

It  is  very  advisable,  if  the  solution  has  been  boiling  for 
some  time,  to  add  a small  quantity  of  strong  alkali,  which 
allows  the  deposit  to  settle  down  more  rapidly.  The  end  point 
is  best  seen  by  tilting  the  basm  slightly  and  noting  the  colour  of 
the  supernatant  liquid  when  the  red  Cuff)  has  begun  to  settle. 
After  a little  practice  this  end  point  can  be  easily  and 
accurately  determined,  care  being  taken  however  to  take  this 
before  the  whole  of  the  deposit  has  settled  down,  as  the 
subsequent  oxidation  by  the  atmospheric  oxygen  causes  the 
blue  colour  to  reappear.  The  calculation  is  easily  carried 
out.  Each  e.e.  of  Fehling  equals  5 mgrms.  glucose,  so  that 
when  10  are  taken,  the  volume  of  urine  ( or  diluted  urine) 
added  contains  50  mgrms.  glucose.  If  the  urine  has  been 
diluted,  the  correction  for  this  dilution  is  made.  Knowing 
the  twenty-four  hours'  quantity,  the  daily  excretion  is  at  once 
arrived  at. 

Various  attempts  have  been  made  to  render  the  deter- 
mination of  the  complete  reduction  easier.  Some  of  these 
introduce  so  many  possibilities  of  error  that  it  is  not  necessary 
to  mention  them.  Others,  however,  when  due  precautions 
are  taken,  enable  one  to  make  an  accurate  determination. 
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2.  Payy-Fehling  Method. 

Of  these,  the  method  that  is  most  in  vogue  in  this 
country  is  the  modification  of  the  Fehling  method  devised  by 
Pavy.  The  difficulty  in  noticing  the  end  reaction  in  Fehling’s 
method  is  due  to  the  red  cuprous  oxide  not  separating  out 
sufficiently  rapidly,  and  in  this  method  this  difficulty  is  over- 
come by  adding  ammonia  to  the  solution,  which  keeps  the 
Cu20  in  solution,  so  that  the  colourless  solution  obtained, 
when  all  the  cupric  salt  has  been  reduced,  is  free  from 
precipitate.  As,  however,  Pavy’s  solution,  on  boiling,  gives 
off  so  much  ammonia  as  to  render  the  titration,  not  only  more 
or  less  disagreeable,  but  also  fallacious,  as  the  titre  then 
alters,  and  as  the  hot  colourless  solution  (at  the  end  point) 
rapidly  takes  up  oxygen  from  the  air  and  becomes  blue  again, 
the  process  has  to  be  carried  out  in  such  a way  as  to  prevent, 
as  far  as  possible,  ammonia  coming  freely  off,  and  also  to 
prevent  the  entrance  of  oxygen. 

The  urine  should  be  diluted  until  about  25  c.c.  will 
reduce  50  c.c.  of  Pavy-Fehling  solution,  and  as  the  latter  has 
only  one-tenth  the  oxidising  power  of  Fehling  (10  c.c.  = 
5 mgrms.  glucose),  the  glucose  solution  should  be  about 
T per  cent. 


Process. 

Run  into  a flask  of  about  250  c.c.  capacity  50  c.c.  of 
Pavy- Fehling  solution j acid  an  equal  volume  of  water , and 
insert  double-bored  rubber  stopper.  Into  one  opening  of  this 
the  glass  discharging  jet  of  the  burette  is  inserted,  the  latter 
containing  urine  diluted  to  the  extent  mentioned  above. 
Into  the  other  opening  in  the  stopper  insert  a fairly  long 
vertical  piece  of  glass  tubing,  which  will  act  as  a condenser. 

In  the  first  place,  boil  the  fluid  for  a short  time  to  drive 
the  air  oat  of  the  flask,  then  take  burette  reading,  and  min 
into  the  boiling  fluid,  the  diluted  urine  until  the  blue  colour 
is  just  discharged.  This  should  be  done  gradually  on  the 
first  occasion,  a longer  interval  being  given  after  each 

1 See  Appendix. 
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addition  than  with  ordinary  Fehling,  as  the  reduction  takes 
'place  more  slowly.  The  subsequent  control  titrations  are 
carried  out  in  the  same  way  as  described  under  Fehling  s 
method. 

The  calculation  is  easily  made — 

50  c.c.  Pavy -Fehling  = 25  rnglms.  glucose. 

Reduction  of  this  quantity  is  effected  by  y c.c.  of  urine, 
diluted  say  1 in  20. 

y 

Then  — c.c.  urine  =25  mgrms.  glucose. 

20  ot,. 

If  5000  c.c.  diabetic  urine  passed  in  twenty-four  hours, 

^ 5000  x 25  x 20  , . , , „ , 

then  = grms.  glucose  m twenty-tour  hours. 

y x 1000  ° ° 

Other  methods,  such  as  Gerrard’s  cupro-cyanide  method 
( Chem . Centralbl.,  1896,  135)  may  be  employed,  but  they 
have  not  been  sufficiently  tested  for  urine  with  different 
pathological  constituents,  to  make  them  suitable  for  clinical 
or  other  purposes. 

There  is  no  doubt  that,  with  careful  working,  the  ordinary 
Fehling  method  has  certain  advantages  which  render  it  the 
most  reliable  one. 

3.  By  Polarimeter  or  Saccharimeter. 

This  is  an  exceedingly  useful  method.  It  is  of  special 
value,  as  furnishing  confirmatory  evidence  as  to  the  amount 
and  nature  of  reducing  substances  which,  by  the  ordinary 
quantitative  methods  alone,  could  not  be  determined.  There 
may  be  two  substances  present  which  rotate  the  plane  of 
polarised  light  to  a different  extent,  or  in  a different  direction, 
and  yet  both  may  reduce  Fehling  in  the  same  way,  and  so 
the  estimation  by  either  method  alone  would  be  erroneous. 
Of  course  the  actual  amounts  of  two  such  optically  active 
substances  could  only  be  determined  after  their  separation. 
The  want  of  harmony  between  the  polarimetric  and  the 
reduction  results  would  lead  one  to  adopt  some  plan  for  the 
separation  of  the  two  bodies. 
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Tt  is  impossible,  in  this  place,  to  describe  the  different 
forms  of  polarimeter.  At  present,  instruments  of  the  Laurent 
or  Lippich  type  are  employed  where  the  zero  point  shows 
the  whole  field  uniformly  shaded,  a slight  rotation  of  the 
analysing  Nicol  to  one  side  or  other  producing  a correspond- 
ing darkening  upon  that  side  and  brightening  upon  the  other. 
The  method  of  obtaining  this  hemisection  of  the  field  is 
described  in  all  books  on  experimental  physics,  or  in  such 
special  works  as  Landolt’s.1 

Any  rotatory  substance,  other  than  the  one  whose  per- 
centage is  being  determined  (glucose)  must  be  removed.  The 
one  which  is  most  commonly  met  with  is  lsevo-rotatory  proteid. 
(For  method  of  removal,  see  p.  150.) 

Consult  such  a book  as  Huppert’s  Analyse  des  Hams,  for 
methods  of  separating  other  optically  active  substances,  as,  for 
example,  ltevulose,  paired  glycuronic  acids,  and  /3-oxybutyric 
acid. 


Process. 

The  urine  must,  if  highly  coloured , be  'precipitated  with 
lead  acetate  (10  e.o.  lead  acetate  (25  per  cent.)  for  every 
5 0 c.c.  urine),  filtered,  precipitate  washed,  and  filtrate 
measured. 

In  the  first  place,  fix  the  zero  point  by  directing  the 
instrument  to  sodium  flame,  making  the  angle  between  the 
polariser  and  quartz  plate  as  small  as  possible,  and  yet 
sufficiently  large  to  permit  of  a reading  when  the  urine  is 
being  examined.  This  is  done  by  rotating  the  polarising 
Nicol  until  the  slightest  movement  of  the  analysing  Nicol  to 
one  side  darkens  that  side  of  the  field,  a corresponding  one 
to  the  other  darkening  the  other  side } 

Focus  exactly  the  dividing  line  before  fixing  the  zero 
point. 

Wash  out  tube  with  urine  twice  or  thrice.  Now  pour 
through  funnel  into  1 -dm.  tube  {or,  better,  a 2 -dm.  tube) 

1 Das  optische  Drcliungsvcrmdgcn  organischcr  Suhstanzcn,  2te  Aufl.,  189S. 

2 It  is  advisable  to  fix  the  zero  point,  using  a 1-dm.  or  2-dm.  tube  filled  with 
distilled  water  between  the  polariser  and  analyser. 
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urine  (or  decolorised  filtrate ),  until , on  removing  the 
funnel , the  fluid. '•  rises  above  the  margin  of  the  tube  opening  ; 
slide  on  from  one  side  the  plane  glass  disc,  avoiding  pressing 
it  down  tightly,  screw  on  the  cap,  and  place  tube  in 
instrument  between  the  two  Nicols.  See  that  no  air  bubbles 
arc  present.  Focus  again  sharply  the  dividing  line  in  the 
field.  As  the  substance  is  probably  dextro-rotatory  (glucose), 
the  field,  will  now  show  the  right  half  light,  the  left  dark. 
Now  rotate  round,  analyser  until  the  right  side  shows  the 
same  dimness  as  the  left  (zero  point),  the  least  movement  to 
either  side  now  producing  increased  dimness  of  the  correspond- 
ing side.  Read  off  the  angular  rotation,  or,  if  it  be  a 
saccharimeter,  the  percentage  of  sugar. 

Knowing  the  angidar  rotation  and  the  specific  rotatory 
power  of  the  substance  (i.e.,  the  angidar  rotation  of  a solution 
of  the  strength  of  1 grm.  in  1 c.c.  examined  in  a layer  1 dm. 
long),  the  percentage  cam  be  calculated. 


Of  course,  this  means  that  it  is  known  that  only  one 
optically  active  substance  is  present.  This  is  usually  glucose, 
and  the  calculation  is  made  in  the  following  way : — - 

The  specific  rotatory  power  is  about  52'5°,  i.e.,  in  a 
strength  of  100  grins,  of  glucose  in  100  grms.  of  water. 


Thus  a rotation  of  1°  would  be  produced  by 


100 

52-5 


grms.  of 


glucose  in  100  grms.  of  water.  So  that,  having  found  the 
angular  rotation  of  the  solution  of  unknown  percentage,  the 

100 

percentage  is  found  by  simply  multiplying  ■ by  the  number 


of  degrees  (a)  through  which  the  analysing  Nicol  has  been 
rotated. 


1 00  x a 
That  is,  p = — r 

1 [a]xl 

where  p = percentage  in  100  grms.  water;  a = angular 
rotation  ; [a]  = specific  rotatory  power  ; and  l = length  in 
decimetres  of  tube. 

Solutions  of  different  rotatory  substances  should  be  given 
out,  their  angular  rotation  determined,  and  the  percentage 
calculated,  the  specific  rotatory  power  being  given. 
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Then  a faintly  coloured  diabetic  urine  should  be  examined 
in  the  same  way,  also  a highly  coloured  urine  after  treatment 
in  the  way  previously  described.  It  is  also  very  instructive  to 
determine  polarimetrically  the  rotatory  power  of  urine  which 
reduces  CuO  before  and  after  fermentation.  The  angular 
rotation  in  every  case,  when  the  urine  has  been  filtered, 
must  be  corrected  for  the  amount  of  urine  actually  taken. 

4.  By  Fermentation. 

This  has  been  done  in  different  ways — for  example,  from 
the  difference  in  specific  gravity  before  and  after  fermentation, 
or  from  the  amount  of  alcohol  or  C02  found.  Unfortunately 
these  methods  are  not  very  satisfactory. 

5.  By  Johnson’s  Method. 

This  is  a colorimetric  method,  where  a standard  red- 
coloured  solution  is  employed,  the  tint  of  which  is  about  the 
same  as  that  obtained  when  a known  weight  of  glucose  is 
boiled  with  KOH  and  picric  acid  in  given  proportions  (red 
colour  being  due  to  picramic  acid).  This  method  is  not 
employed  so  much  as  the  others  already  described,  and  as  it 
presents  no  special  advantages,  a more  detailed  description  is 
scarcely  necessary. 

5.  Albumin  and  globulin. 

There  is  a large  number  of  methods  which  have  been 
devised,  some  for  exact  analyses,  others  for  clinical  purposes. 
Three  may  be  mentioned  which  have  certain  advantages  over 
the  others,  for  particular  purposes  at  least. 

1.  Gravimetric — Bemoval  by  Coagulation. 

This  is  perhaps  the  most  generally  employed  in  scientific 
work,  but  numerous  precautions  require  to  be  taken  in  order 
to  render  it  accurate. 

In  many  cases  a large  quantity  of  urine  requires  to  be  taken , 
from  500  c.c.to  1 litre.1  Take  the  reaction.  If  very  slightly 

1 The  amount  required  will  naturally  vary  with  the  probable  amount  of 
proteid  present.  This  can  be  gauged  roughly  by  an  ordinary  test  or  an 
estimation  in  an  Esbacli  tube. 
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acid  or  alkaline , add  one  or  two  drops  of  acetic  acid  (1  in  2). 
In  order  to  determine  whether  sufficient  acid  has  been  added , 
it  is  advisable  to  take  a portion  of  the  acidified  'urine  in 
a test-tube , bring  gradually  to  boiling  point , filter,  and.  test 
filtrate  with  acetic  acid.  and.  potassium  ferrocyanide.  If 
precipitate  appears,  then  add  more  acid,  to  the  large  portion 
of  urine,  and  repeat  the  testing  of  a small  portion  until 
finally  that  amount  of  acid  has  been  added  which  is  just 
sufficient  to  permit  the  coagulation  of  all  (?)  the  albumin  in 
the  urine.  Note  boil  the  acidified  solution  in  large  round- 
bottomed  flask,  fitted  with  upright  condenser . It  is  advisable 
to  use  a paraffin  bath.  Filter  now  through  a weighed  folded 
filter  paper  (previously  washed  and  dried).  Wash  with  warm 
alcohol  and  then  with  ether,  and  dry  filter  paper  in  weighing 
bottle  at  110°  to  120°  to  constant  weight  (say  one  hours 
drying). 

The  weight  of  the  filter  paper  alone  being  known,  and 
now  its  weight  + tlw  albumin,  the  amounts  of  coagidable 
proteid  in  a known  amount  of  urine,  and  in  the  twenty -four 
hours'  excretion,  are  easily  calculated. 

If  the  urine  be  very  poor  in  salts,  it  is  advisable  to  add  a 
few  c.c.  of  a strong  salt  solution  to  the  urine  before  boiling. 

This  method,  if  properly  carried  out,  gives  • very  good 
results,  only  is  a rather  tedious  one.  Instead  of  drying  the 
coagulated  proteid,  it  may  be  incinerated  by  Kjeldahl’s  method, 
and  the  amount  of  nitrogen,  on  being  multiplied  by  6*3,  gives 
the  amount  of  proteid. 

2.  Differential  Method  (by  Kjeldahl). 

This  is  the  easiest  method,  when  other  nitrogen  estima- 
tions are  being  made  at  the  same  time. 

Estimate  the  total  nitrogen  in  a measured  amount  of  the 
urine,  say  5 c.c.,  then  car ef idly  remove  the  albumin  and 
globulin  from  100  c.c.  of  the  urine  in  the  way  just  described, 
and  estimate  the  nitrogen  in  a measured  portion  of  the  filtrate. 
As  the  amount  of  nitrogen  present  in  the  form  of  albumin  in 
a small  quantity  of  urine  might  be  difficidt  to  estimate 
accurately,  it  is  advisable  to  take  such  a portion  of  the 
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filtrate  ( say  one  quarter)  as  would  enable  one  to  detect  a 
distinct  difference  in  the  percentage  of  nitrogen  after  the  removal 
of  the  albumin.  The  fraction  of  the  filtrate  would  require  to 
be  acidified  slightly  with  H2SO±,  evaporated  down  to  small  bulk, 
and  then  incinerated  by  KjeldahVs  method  in  the  usual  way. 
The  difference  between  these  two  results  will  give  the  amount 
of  nitrogen  removed  in  the  form  of  coagidated  proteid.  On 
multiplying  this  by  6*3,  the  amount  of  proteid  is  determined. 

This  method  is  comparatively  frequently  employed  in 
metabolic  investigations  when  albuminuria  has  appeared. 

3.  Esbach’s  Method. 

This  is  the  method  which  is  employed  clinically.  It  only 
gives  results  which  are  of  value  when  a series  of  estimations 
is  being  made  in  the  urine  of  an  individual  from  day  to  day, 
where  density  and  general  constituents  do  not  vary  markedly. 
It  thus  only  gives  comparative,  not  absolute,  results.  When  a 
certain  quantity  of  a given  solution  of  picric  and  citric  acids 
is  added  to  a measured  quantity  of  urine  of  a certain  density, 
the  albumin  is  precipitated,  and  after  a time  forms  a layer, 
the  depth  of  which  can  be  read  off  in  a tube  of  a particular 
diameter.  This  tube  can  be  graduated  in  percentages  of 
albumin  when  the  above  conditions  are  fulfilled.  In  such 
estimations,  great  care  has  to  be  taken  that  the  temperature 
is  the  same  in  every  case,  otherwise  there  will  be  great  varia- 
tions in  the  depth  of  the  layer,  even  when  there  are  none  in 
the  amount  of  albumin  present. 

The  Esbach  tube  or  albuminimeter  has  a mark,  U,  6 cms. 
from  the  bottom,  4 cms.  above  this  an  E,  while  from  the 
bottom  there  are  also  lines  of  graduation  stating  the  amount 
of  proteid  in  grammes  per  litre,  when  the  top  of  the  layer 
coincides  with  a particular  graduation. 

Process. 

If  urine  be  not  acid,  acidify  with  acetic  acid.  Dilute 
urine  until  specific  gravity  is  1'006  to  l’OOS,  noting  the 
amount  of  dilution  required.  Pour  urine  now  into  a clean 
dry  Esbach  tube  up  to  the  mark  TJ,  and  then  EsbacJis  solution 
{picric  acid  1 0 grms.,  citric  acid  1 0 grms.,  in  litre  of  ivatcr) 
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to  mark  R.  Insert  rubber  stopper,  mix  by  inverting  the  tube 
about  a dozen  times,  and  leave  in  a stand,  in  a place  where 
the  temperature  does  not  vary  much  from  day  to  day.  After 
twenty -four  hours,  read  off  height  of  deposit.  This  gives  the 
amount  of  albumin  in  grammes  per  litre  correct  for  the 
dilution. 

This  method  can  only  give  results  which  are  of  value  in 
clinical  work,  where  much  time  cannot  be  bestowed  on  such 
an  estimation. 

The  separate  estimation  of  albumin  and  globulin  in  urine 
can  be  carried  out  by  estimating  the  percentage  of  nitrogen 
before  and  after  removal  of  globulin,  and,  finally,  after  removal 
of  albumin  ( sec  p.  30). 

6.  Albumoses  (peptone). 

In  order  to  estimate  these  in  the  urine,  it  would  be 
necessary  to  separate  them  from  the  urine,  and  then  either 
weigh  them  or  estimate  their  nitrogen  percentage.  Such 
estimations,  however,  would  only  be  required  in  those  rare 
cases  in  which  a fairly  large  quantity  of  albumoses  was  present 
{see  p.  112).  Peptone  is  rarely,  if  ever,  present  in  the  urine. 

The  accurate  methods  for  the  estimation  of  creatinin  and 
purin  bases  are  not  suitable  for  ordinary  class  work,  and  so 
are  omitted.  They  are  described  in  such  books  as  Hoppe- 
Seyler  and  Thierfelder’s  Handbuch  (latest  edition),  or 
Huppert’s  Harnanalysc. 


CHAPTER  XVI 


BLOOD 


1.  Specific  gravity. 

The  specific  gravity  of  blood  may  best  be  determined  by 
the  method  of  Roy  and  Lloyd  Jones.  A series  of  solutions 
of  sodium  sulphate  is  prepared,  ranging  from  a specific 
gravity  of  I/O 3 5 to  one  of  I/O  70.  The  specific  gravity  of 
the  blood  of  a healthy  individual  varies  from  1/055  to 
1-059. 

1.  Place  a series  of  the  solutions  in  glass  thimbles , 
arranging  them  in  order  of  their  specific  gravities. 

2.  Take  a small  glass  tube  drawn  out  into  a capillary 
tube , bent  at  right  angles  to  the  stem , and  closed  above  by  a 
caoutchouc  cap.  By  means  of  it  take  up  a drop  of  blood 
obtained  from  the  finger. 

3.  At  once  introduce  the  point  of  the  capillary  tube  into 
one  of  the  solutions  of  sodium  sulphate.  Express  a drop  of 
blood  by  squeezing  the  caoutchouc  cap , and  note  whether  it 
smks,  floats,  or  remains  suspended. 

4.  Repeat  the  process  until  a solution  is  found  in  which 
the  drop  of  blood  remains  suspended. 

2.  Oxygen  capacity. 

Haldane’s  Ferkicyanide  Method  for  determining  the 
Oxygen  Capacity  of  the  Blood. 

Introduce  into  the  bottle  (a)  {capacity  120  c.c.)  by  means 

of  a pipette  20  c.c.  of  oxalatcd  or  defibrinated  blood,  previously 
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saturated  with  oxygen , by  shaking  up  with  the  air.  In 
order  to  avoid  admixture  with  expired  air , expel  the  last 
drops  of  blood  from  the  pipette  by  elosiug  the  upper  opening 
and.  warming  the  bulb  with  the  hand.  Then  add  30  c.c.  of 
dilute  ammonia  (1  part  strong  ammonia  of  sp.  gr.  '88  in 
500  parts  of  distilled  water).  The  ammonia  fixes  the  car- 
bonic acid  developed  during  the  reaction , and  the  distilled 
water  lakes  the  blood.  Mix  the  blood  and  dilute  ammonia 
until  the  solution  appears  perfectly  transparent  when  examined, 
in  a thin  layer.  Place  4 c.c.  of  a saturated  aqueous  solution 
of  potassium  f 'err icy anide  in  the  small  tube  (b),  which  should 
slightly  exceed  in  length  the  width  of  the  bottle,  and  set  the 
tube  upright  in  (a).  Push  the  rubber  stopper  into  the  neck  of 
the  bottle  (a).  The  stopper  is  provided  with  a bent  glass 
tube  connected  with  the  burette  by  means  of  thick-walled 
rubber  tubing  of  1 -mm.  bore.  The  bottle  {a)  is  then  placed 
in  a vessel  containing  water,  having  a temperature  as  nearly 
as  qoossible  that  of  the  room.  Open  to  the  outside  the  three- 
way  tap  on  the  burette,  and  by  raising  the  levelling  tube 
adjust  the  water  level  in  the  burette  so  that  it  lies  close  to 
the  top.  Then  fix  the  levelling  tube  in  this  position  by  means 
of  the  spring  clamp,  close  the  tap  to  the  outside,  and  read  off 
the  water  level  in  the  burette,  which  is  graduated  to  '05  c.c. 
Adjust  the  water  in  the  pressure  gauge  to  a definite  mark, 
by  sliding  the  rubber  tubing  backwards  and  forwards  on  the 
glass  tube  (d).  After  waiting  until  the  reading  in  the  burette 
has  become  constant,  mix  the  diluted  blood  and  solution  of 
potassium  ferricyanide  by  tilting  the  bottle  (a).  Continue 
shaking  the  bottle  as  long  as  gas  is  evolved.  Then  replace 
the  bottle  (a)  in  water.  Add  cold  or  warmed  water  to  the 
water  in  (c),  until  the  receding  of  the  pressure  gauge  reaches 
its  original  level.  As  soon  as  the  water  level  in  the  burette 
has  become  constant,  carefully  adjust  the  water  in  burette  and 
levelling  tube  to  the  same  level,  and  take  the  reading.  The 
difference  between  the  latter  reading  and  that  originally  taken 
gives  the  volume  of  oxygen  evolved.  This  volume  may  be 
reduced  to  that  of  the  dry  gas  at  0°  and  760  mm.  in  the 
usual  way. 
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The  following  corrections  are  necessary  in  calculating  the 
percentage  of  oxygen  evolved : — A 2 0 c.c.  pipette  delivers 
only  about  19 ‘6  c.c.  blood,  and  for  this  allowance  must  be 
made.  Further,  in  accurate  estimations,  allowance  must  be 
made  for  the  fact  that  the  air  in  the  bottle  (a)  has  become 
richer  in  oxygen. 

In  making  the  latter  correction,  it  may  be  assumed  that 
the  absorption  co-efficients  of  oxygen  and  nitrogen  in  the  54 
c.c.  of  fluid  in  the  bottle  are  nearly  the  same  as  in  water. 

The  volume  of  the  dry  gas  (Vo)  at  0°  C.  and  760  mm.  may 
he  obtained  by  using  the  following  formula : — 

^x273x(B-/) 

(273  + 0760 

v = observed  volume  of  gas. 

B — observed  height  of  barometer  in  mm. 

t = observed  temperature. 

f = vapour  tension  of  water  at  temperature  (0- 

The  value  of  (/)  at  different  temperatures  may  be 
obtained  from  tables. 

3.  Oxyhsemoglobin. 

Haldane’s  Modification  of  Gowers’  Method. 

The  apparatus  consists  of  the  following  parts : — 

1.  The  standard  solution  contained  in  a hermetically 
sealed  tube  (D)  is  a 1 per  cent,  solution  of  ox  or  sheep  blood, 
saturated  with  coal  gas.  The  oxygen  capacity  of  the  ox  blood 
used  is  the  same  as  that  of  the  blood  of  normal  adult  males, 
namely,  18 '5  per  cent.  The  percentage  of  oxyhemoglobin, 
corresponding  to  this  oxygen  capacity,  is  probably  13 -8. 

2.  The  tube  C is  graduated  in  percentages,  and  contains 
2 c.c.  when  filled  up  to  the  mark  100. 

3.  The  capillary  tube  B,  when  filled  up  to  the  mark  100, 
contains  20  c.mm.  ( = -02  c.c.). 

4.  The  bottle  A,  with  pipette  stopper,  contains  distilled 
water  for  dilution  of  the  blood. 


Haldane’s  (Gowers’)  Hiemoglobinometer. 
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5.  A shielded  lancet  is  used  for  obtaining  blood  from  the 
finger. 


Method  of  using  the  instrument — 

1.  Place  in  the  tube  C sufficient  water  to  dilute  the  blood 
as  far  as  safely  possible. 

2.  Obtain  20  c.mm.  of  blood  from  the  finger  by  means 
of  the  capillary  tube  B,  and  blow  it  into  the  water  contained 
in  the  tube  C. 

3.  Before  mixing  the  blood  and  water , pass  down  a. 
piece  of  narrow  glass  tubing , connected  with  a gas  tap , into 
the  tube  C nearly  as  far  as  the  level  of  the  fluid.  The  gas 
is  turned  on , and  the  air  in  the  tube  displaced.  The  gas 
delivery  tube  is  withdrawn , while  the  current  of  gas  is  still 
maintained.  The  opening  of  C is  then  quickly  closed  with 
the  finger.  The  liquid  is  then  thoroughly  mixed  with  the 
gas  by  inverting  the  tube  about  a dozen  times , so  as  to  ensure 
complete  saturation  of  the  blood  pigment  with  CO. 

4.  Add  water , drop  by  drop,  from  the  pipette  A,  mixing 
the  fluids  well  after  each  addition.  Continue  the  addition  of 
water  until  the  tints  of  the  fluids  in  the  standard  tube  D 
and  in  the  tube  C appear  equal.  In  comparing  the  tints, 
examine  against  the  light  from  the  sky,  repeatedly  transposing 
the  tubes  from  side  to  side  during  the  observation.  Then  read 
the  percentage  on  tube  C.  The  results  obtained  should  be 
within  1 per  cent,  of  the  mean  of  several  observations. 

This  method  of  estimating  the  amount  of  the  pigment  in 
blood  is  described  as  one  of  the  more  generally  applicable,  and 
at  the  same  time  accurate,  methods. 

Coloured  standards  of  various  descriptions  have  been  used, 
but  in  all  there  is  this  one  great  drawback — that  one  is 
entirely  in  the  hands  of  the  instrument-maker  as  regards 
accuracy  of  the  standard.  The  most  commonly  employed 
hsemoglobinometers  are  those  of  Gowers,  Oliver,  Fleischl,  and 
a most  useful  modification  of  the  last-mentioned  apparatus, 
namely,  that  of  Miescher. 

It  is  much  better,  however,  that  each  student  should,  as  far 
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as  possible,  gain  experience  in  the  use  of  one  accurate  and 
yet  easily  applied  method,  than  that  he  should  have  only  a 
theoretical  knowledge  of  a number  of  different  forms  of 
apparatus.  The  spectro-photometric  method  does  not,  of 
course,  come  within  the  scope  of  such  an  elementary  text- 
book as  this. 

4.  Blood  gases. 

Extraction  of  the  Blood  Gases. 

The  gases  of  the  blood  can  be  extracted  by  means  of 
Leonard  Hill’s  gas  pump.  The  method  of  using  the  instru- 
ment may  be  shown  as  a demonstration  (see  Journ.  Physiol ., 
vol.  xvii.  p.  353). 


CHAPTER  XVII 


MILK 

The  main  constituents  of  milk  may  be  quantitatively  estim- 
ated in  the  following  way : — 

1.  Total  nitrogen. 

Take  10  c.c.  of  the  fresh  milk  in  a Kjeldahl  flask , 
incinerate  with  H2SO±  in  the  usual  way , and  distil  off  the 
ammonia  from  the  fluid  after  making  alkaline  {see  p.  139). 
Calcidate  in  terms  of  nitrogen. 

2.  Caseinogen,  lactalbumin,  lactoglobulin. 

As  Hoppe-Seyler’s  method  can  be  comparatively  rapidly 
carried  out,  it  will  be  described  here,  although  certain  other 
methods  are  more  reliable,  if  the  total  albuminous  nitrogen 
is  to  be  estimated.- 

(a)  Caseinogen. 

Take  25  c.c.  milk  in  a glass  cylinder , dilute  with  water 
up  to  500  c.c.,  acidify  with  a feio  drops  of  acetic  acid,  and 
shake  thoroughly.  Examine  the  surface  layer,  with  the 
cylinder  inclined,  to  see  whether  flocculi  have  begun  to  separate 
out.  If  there  be  no  appearance  of  a precipitate,  add  a few 
more  drops  of  the  acid,  shake  thoroughly,  and  again  examine. 
Whenever  the  fluid  shows  a distinct  floccident  precipitate , no 
more  acid  requires  to  be  added.  Now,  pass  a stream  of  C02 
through  the  fluid  for  about  half  an  hour,  and  then  allow  the 
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precipitate  to  settle  for  at  least  two  hours.  Siphon  off  superna- 
tant fluid  and  filter  the  remainder  through  folded  filter  paper. 
If  necessary , also  run  the  supernatant  fluid  through  the  same 
paper.  Wash  the  precipitate  once  or  twice  with  water  con- 
taining approximately  the  same  amount  of  acetic  acid  as  the 
solution  out  of  which  the  caseinogcn  separated.  Make  up 
filtrate  and  washings  to  a definite  volume,  and  take  a measured 
portion  of  this  {say  one  quarter)  for  nitrogen  estimation. 
Hun  this  fraction  of  the  filtrate  into  a Kjeldahl  flask,  add  a 
few  drops  of  concentrated  H2SO±,  and  evaporate  down  to  small 
bulk  over  the  open  flame.  Then  add  1 5 c.c.  of  the  concentrated 
H.2SO±,  a few  crystals  of  CuS04,  and  h to  10  grms.  of  K2SO±. 
Incinerate.  The  nitrogen  is  then  estimated  in  the  usual  way. 

This  gives  the  nitrogen  in  a fraction  of  the  total  filtrate 
(freed  from  caseinogen)  from  25  c.c.  milk.  If  the  amount  of 
nitrogen  in  the  fresh  milk  be  known,  and  also  that  of  the  milk 
from  which  the  caseinogen  has  been  removed,  the  difference 
will  give  the  nitrogen  in  the  form  of  caseinogen,  and  by 
multiplying  this  by  6-37  the  amount  of  caseinogen  itself 
is  arrived  at. 

(b)  Lactalbumin  and  Lactoglobulin. 

Take  the  rest  of  the  caseinogen  free  filtrate  (i.e.  three- 
quarters),  add  one  quarter  of  saturated  NaCl  and  bring  to 
boiling  point.  A drop  or  tivo  of  dihde  acetic  may  then  be 
added  if  the  coagulation  be  not  well  marked.  Filter  through 
folded  paper  while  fluid  is  still  hot,  wash  precipitate  with  hot 
water,  and  make  up  total  filtrate,  plus  washings,  to  a definite 
volume.  Estimate  in  a fraction  of  this  {say  one-half)  the 
nitrogen. 

This  represents  the  nitrogen  of  the  milk  from  which 
caseinogen,  lactalbumin,  and  lactoglobulin  have  been  removed, 
and  knowing  the  nitrogen  percentage  of  tire  milk  without 
caseinogen,  the  percentage  of  the  other  proteids  is  at  once 
obtained  (their  nitrogen  x 6*37  = amount  of  lactalbumin 
and  lactoglobulin). 


Soxhlet’s  Extraction  Apparatus. 
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3.  Fats. 

These  may  be  estimated  in  the  following  way : — 

Place  some  purified  sand  ( extracted  with  ether)  in  a 
Schleicher  and  Schiill  cartridge  paper. 

[If  the  total  solids  of  the  milk  arc  to  be  calculated , then 
the  weight  of  paper  and  sand  must  be  known.  ] 

Drop  from  a pipette  20  c.e.  of  fresh  milk  upon  the  sand , 
stirring  the  latter  so  as  to  obtain  a more  or  less  uniform 
distribution  of  the  milk.  Place  the  cartridge  paper  in  a- 
Soxhlet  tube , and  leave  this  in  a hot  water  oven  at  a tempera- 
ture of  70°  for  about  an  hour.  Noiv  remove  the  tube,  and 
connect  with  a vertical  condenser  above  and  an  ether  flask 
below.  See  that  all  connections  are  secure,  then  lower  the 
fiask  upon  the  sand  bath,  maintained  at  suitable  temperature, 
to  keep  the  ether  just  boiling.  The  ether  vapour  condenses  in 
the  cooled  upper  tube,  drops  upon  the  milk  and  sand,  and, 
when  the  ether  rises  above  the  level  of  the  siphon  tube  which 
connects  the  Soxhlet  tube  with  the  ether  flask  below,  the  fluid  is 
siphoned  over  into  the  latter.  After  about  two  to  three  hours’ 
extraction } extinguish  the  small  flame,  remove  the  fiask,  distil 
off  the  ether,  and  dry  the  residue  in  a vacuum  exsiccator.  Then, 
after  one  hour,  weigh  the  stoppered  flask,  and  if  the  weight 
of  this  flask  when  empty  be  known,  the  weight  of  the  fat  of 
2 0 c.e.  milk  is  obtained.  State  the  amount  in  percentage. 

The  weight  of  the  total  solids  can  be  obtained  by  adding 
the  weight  of  the  fat  in  the  20  c.c.  milk  to  the  difference  in 
weight  between  the  cartridge  paper  plus  sand,  and  the  cart- 
ridge paper  plus  sand,  plus  the  dried  residue  of  20  c.c.  milk 
after  the  fat  has  been  removed. 

It  is,  of  course,  necessary  to  remove  any  material  adhering 
to  the  walls  of  the  tube  and  add  it  to  the  contents  of  the 
cartridge  paper. 

4.  Lactose. 

May  be  estimated  in  a measured  amount  of  milk  which 

1 It  is  often  necessary  to  extract  for  a longer  period,  otherwise  some  fat  may 
not  be  extracted. 
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lias  liad  its  caseinogen,  lactalbumin,  and  lactoglobulin  removed 
by  tbe  method  just  described.  The  filtrate  from  the  proteid 
precipitate  should  be  neutralised  before  titration. 

A burette  is  filled  with  the  filtrate  so  obtained,  and  the 
fluid  is  run  into  a measured  quantity  of  boiling  Felling's 
solution  until  reduction  is  just  completed.  Each  c.c.  of  the 
Fchling's  solution  =6  ‘7  mgr  ms.  lactose.  Thus,  if  one  kneio 
the  volume  of  the  toted  filtrate  obtained  from  a measured 
quantity  of  milk,  the  percentage  of  lactose  is  easily 
obtained. 


CHAPTER  XVIII 


GASTRIC  JUICE,  Etc. 

Estimation  of  acidity. 

This  may  be  done  simply  by  titrating  10  to  20  c.c.  of  the 

1ST  - 

filtered  gastric  contents  with  — NaOH,  using  phenol- 

pbtbalein  as  an  indicator.  This  will  give  approximately  the 
total  acidity,  but  the  end  point  is  not  well  marked.  The 
decinormal  NaOH  is  added  until  there  is  a permanent  faint 
red  tint.  The  result  may  be  stated  in  terms  of  HC1  or  in 
terms  of  c.c.  NaOH  used  up. 

Estimation  of  HC1. 

The  method  that  is  most  commonly  used  is  that  of 
Morner  and  Sjoqvist. 

Take  approximately  *5  grm.  pure  chlorine -free  BaCO.d  in 
a platinum  crucible.  The  crucible  is  placed  upon  the  hot 
water  bath , and  1 0 c.c.  of  the  filtered  gastric  juice  are  added 
in  small  portions , the  contents  being  gradually  dried.  As  the 
evaporation  goes  on,  the  acid  fluid  is  run  in  slowly  until  the 
10  c.c.  have  been  added.  The  HCl  is  fixed  as  BaCl2,  the 
lactic  acid  as  barium  lactate.  The  dried  mixture  is  note 
incinerated  over  a small  flame  until  the  mass  of  the  carbon 
has  disappeared.  The  lactate  is  now  in  the  form  of  BaCOd, 
while  the  BaCl2  has  resisted  the  incineration.  Extract  the 
cold  residue  with  small  quantities  of  hot  water  until  the 
washings  no  longer  give  a chlorine  reaction.  The  collected 
extracts  are  placed  in  a beaker  which  is  immersed  in  a hot 
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water  bath , and  dilute  H2SO±  is  added  until  all  the  soluble 
barium  salt  is  precipitated  as  insoluble  BaSO 4.  Excess  of  the 
dilute  acid  is  added.  The  BaS04  precipitate  is  treated  in  the 
way  described  on  p.  136.  On  multiplying  the  weight  of 
the  BaSO±  by  '3123,  the  amount  of  HCl  is  obtained. 

Serous  fluids,  etc. 

A quantitative  analysis  of  the  constituents  of  physiological 
and  pathological  serous  fluids  can  only  be  carried  out  in  cases 
where  the  student  can  devote  much  time  to  laboratory  work, 
and  hence  is  not  suitable  for  ordinary  class  work. 

This  is  true  also  of  analyses  of  muscles,  of  the  different 
organs,  etc.  For  this  reason,  no  description  of  methods  suit- 
able for  these  analyses  can  be  given  here. 
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SECTION  III 


APPENDIX 


\ 


I 


TABLE  OF  REAGENTS 

♦ 

I.  ACIDS. 

(A)  MINERAL. 

Hydrochloric  Acid,  Concentrated. 

Hydrochloric  Acid,  *25  per  cent. — 8 c.c.  of  the  concentrated 
acid  to  992  c.c.  of  water. 

Nitric  Acid,  Concentrated  Pure. 

Nitric  Acid,  Fuming. 

Sulphuric  Acid,  Concentrated. 

(B)  ORGANIC. 

Acetic  Acid,  Glacial. 

Acetic  Acid,  33  per  cent. 

Acetic  Acid,  2 per  cent. 

Trichloracetic  Acid,  5 per  cent. 

Oxalic  Acid,  Saturated  Aqueous  Solution. 

Picric  Acid,  Saturated  Aqueous  Solution. 

Tartaric  Acid,  Saturated  Aqueous  Solution. 

Glyoxlic  Acid  ( see  Special  Test  Solutions). 

II.  ALKALIES. 

Sodium  Hydrate,  Concentrated,  Sp.  Gr.  1*34. 

Sodium  Hydrate,  10  per.  cent. 

Potassium  Hydrate,  10  per  cent. 

Ammonia,  Concentrated,  Sp.  Gr.  *88. 
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III.  SALTS. 

Ammonium  Molybdate. — Dissolve  50  grms.  of  molybdic  acid 
in  200  grms.  of  10  rper  cent,  ammonia.  Gradually  pour 
this  solution  into  750  grms.  of  nitric  acid  (sp.  gr.  1*2), 
shaking  vigorously  after  each  addition.  Allow  the  solution 
to  stand  for  a few  days,  and  pour  it  off  from  the  sediment 
which  forms. 

Ammonium  Oxalate,  5 per  cent. 

Ammonium  Sulphate,  Saturated  Solution. 

Ammonium  Sulphate,  Solid. 

Ammonium  Sulphide  Solution. 

Barium  Chloride,  10  per  cent. 

Baryta  Mixture. — One  volume  of  a saturated  aqueous  solution 
of  barium  hydrate  and  2 volumes  of  a saturated  solution 
of  barium  nitrate  or  chloride. 

Calcium  Chloride,  2*8  per  cent. 

Copper  Sulphate,  1 per  cent. 

Ferric  Chloride,  2 per  cent. 

Lead  Acetate,  10  per  cent. 

Basic  Lead  Acetate. — Boil  lead  acetate  solution  with  excess 
of  lead  oxide,  and  filter. 

Magnesium  Sulphate,  Solid. 

Magnesium  Sulphate,  Saturated  Solution. 

Magnesia  Mixture. — Magnesium  chloride  {pure)  110  grms., 
ammonium  chloride  140  grms.,  ammonia  (sp.  gr.  '91) 
250  e.c.,  and  water  1750  c.c. 

Mercuric  Chloride,  Saturated  Solution. 

Potassium  Ferricyanide,  Saturated  Solution. 

Potassium  Ferrocyanide,  5 per  cent. 

Potassium  Sulphate,  Anhydrous. 

Potassium  Sulphocyanate,  5 per  cent. 

Silver  Nitrate,  2 per  cent. 

Sodium  Acetate,  Solid. 

Sodium  Acetate,  Acid  Solution. 

(Sodium  acetate,  1 0 grms. ; glacial  acetic  acid,  3 grms. ; 
distilled  water  to  100  c.c.) 

Sodium  Carbonate,  10  per  cent. 

Sodium  Carbonate,  2 per  cent. 
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Sodium  Chloride,  Solid. 

Sodium  Chloride,  Saturated  Solution. 

Sodium  Hypobromite  (for  Hufner’s  Method). 

Dissolve  100  grms.  NaOII  in  250  c.c.  distilled  water , 
and  add  25  c.c.  of  bromine. 

Sodium  Sulphate,  Anhydrous  Solid. 

IV.  ORGANIC  SOLVENTS. 

Methylated  Spirit. 

Absolute  Alcohol. 

Acetone. 

Ethyl  Ether. 

Chloroform. 


V.  SPECIAL  TEST  SOLUTIONS. 

Barfoed’s  Reagent. — One  part  neutral  cupric  acetate  added 
to  15  parts  of  water.  Add  to  200  c.c.  of  this  solution 
5 c.c.  of  38  per  cent,  acetic  acid. 

Brucke’s  Reagent. — With  the  aid  of  heat  prepare  a saturated 
solution  of  mercuric  iodide  in  5 per  cent,  to  10  per  cent, 
solution  of  potassium  iodide. 

Esbach’s  Reagent. — Picric  acid,  1 0 grms. ; citric  acid , 2 0 
grms. ; water  to  1 litre. 

Fehling’s  Solution. 

1.  Cupric  Sulphate  Solution. — 34-64  grms.  of 
crystals  of  pure  cupric  sulphate  dissolved  in  500  c.c.  of 
water. 

2.  Alkaline  Tartrate  Solution. — 173  grms.  of 
sodium  potassium  tartrate,  and  6 0 grms.  of  sodium 
hydrate  dissolved  in  water  and  solution  made  up  to  500  c.c. 
One  vol.  of  (1)  plus  1 vol.  of  ( 2)  = Fchling’s  solution. 

Pavy-Fehling. — 120  c.c.  of  Felilings  solution  plus  300  c.c.  of 
ammonia  ( sp . gr.  -880)  made  up  to  a litre  ivith  water. 

Furfurol  (Saturated  Aqueous  Solution). 

Glyoxylic  Acid  Solution  (Hopkins  & Cole). — To  500  c.c. 
of  a saturated  solution  of  oxalic  acid  placed  in  a tall 
cylinder , add  30  grms.  of  sodium  amalgam.  When  all 
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the  hydrogen  has  been  evolved,  filter  and  dilute  the  solution 
with  twice  or  thrice  its  volume  of  water. 

Millon’s  Reagent. — Dissolve  with  the  aid  of  heat  1 part  of 
mercury  in  2 parts  of  concentrated  nitric  acid,  and, 
dilute  the  solution  with  2 volumes  of  water. 

Nylander’s  Solution. — 100  grms.  of  caustic  soda  of  sp.  gr. 
1*12,  4 grms.  of  sodium  potassium  tartrate,  and  2 grms. 
of  bismuth  subnitrate. 

Piienylhydrazine. 

Phenylhydrazine  Hydrochloride. 

Uffelmann’s  Reagent. — Add  a few  drops  of  ferric  chloride 
to  a 2 per  cent,  solution  of  carbolic  acid. 

VI.  INDICATORS. 

Cochineal. — Extract  5 grms.  of  cochineal  with  150  c.c. 
alcohol,  and  100  c.c.  water,  for  several  days.  Then  filter. 

Litmus  Solution. — Extract  1 0 grms.  of  finely  powdered  litmus 
with  20  c.c.  of  hot  distilled  water.  Decant  the  clear  blue 
solution  from  the  sediment  which  forms  on  standing. 

Methyl-Orange. — Dissolve  0'5  grms.  of  the  solid  in  500  c.c. 
of  distilled  water. 

Methyl-Violet  (’05  to  *1  per  cent,  in  aqueous  solution). 

Phenolphthalein. — Dissolve  1 grm.  of  the  solid  in  100  c.c.  of 
alcohol. 

Phloroglucin  and  Vanillin  (Gunzburg’s  Reagent). — Dis- 
solve 2 grms.  phloroglucin  and  1 grm.  vanillin  in  30 
grms.  of  absolute  alcohol. 

Rosolic  Acid. — Dissolve  1 grm.  of  the  solid  in  200  c.c.  of 
alcohol. 

Trop^eolin  OO  (-05  to  '1  per  cent,  in  aqueous  solution). 


II 


REDUCTION  OF  ENGLISH  TO  METRICAL 
MEASURES  OF  CAPACITY  AND  WEIGHT. 

I.  MEASURES  OF  CAPACITY. 

METRICAL  SYSTEM. 

1 Litre  =1  Cubic  Decimetre  (Cbdm.)=  1000  Cubic  Centi- 
metres (Cbcm.  or  C.c.).  A Cubic  Centimetre  is  the 
Volume  of  1 Grm.  of  Distilled  Water  at  4°  C. 

1 Cbcm.  = 16*63  Minims. 

1 Litre  = 35-2154  Fluid  Ounces. 


ENGLISH  SYSTEM. 

1 Minim  = -059  Cbcm. 

1 Fluid  Drachm  = 3-549  C.c. 

1 Fluid  Ounce  = 28-398  C.c. 

1 Pint  = 567-936  C.c. 


II.  WEIGHTS. 

METRICAL  SYSTEM. 

1 Grm.  = the  Weight  of  1 Cbcm.  of  Water  at  4°  C. 

1 Grm.  = 10  Decigrms.  = 100  Centigrms.  = 1000  Milligrms. 
1 Kilogramme  =10  Hektogrms.  = 1000  Grms. 

1 Grm.  = 15-43235  Grains. 

1 Kilogrm.  = 2 Lbs.  3 Oz.  119-8  Grains. 
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ENGLISH  SYSTEM. 

1 Grain  = -0G48  Grms. 

1 Ounce  (Avoirdupois)  = 437'5  Grains  = 28-3595  Grms. 


THERMOMETERS. 

CONVERSION  OF  DEGREES  F.  INTO  DEGREES  C.,  AND 

VICE  VERSA. 

t°  F = ^ (t  — 32)°  C. 

o 9 

t°  C = - t + 32°  F. 
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ATOMIC  WEIGHTS  OF  SOME  OF  THE  ELEMENTS. 


Element. 

Element. 

Barium  . 

Ba 

137-4 

Nitrogen  . 

N 

14-04 

Bromine  . 

Br 

79-96 

Oxygen  . 

O 

16 

Calcium  . 

Ca 

40-1 

Phosphorus 

P 

31 

Carbon 

C 

12 

Platinum 

Pt 

194-8 

Chlorine  . 

Cl 

35-45 

Potassium 

K 

39-15 

Copper  . 

Cu 

63-6 

Silver 

Ag 

107-93 

Hydrogen 

H 

1-01 

Sodium  . 

Na 

23-05 

Gold 

An 

197-2 

Strontium 

Sr 

87-6 

Iodine 

I 

126-85 

Sulphur  . 

S 

32-06 

1 

Iron 

Fe 

56 

Tin  .... 

Su 

118-5 

Lead 

Pb 

206-9 

Uranium . 

U 

239-5 

Lithium  . 

1 

Li 

7-03 

Zinc 

Xn 

65-4 

Magnesium 

Mg 

24-36 

Mercury  . 

Hg 

200-3 
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WAVE  LENGTHS  OF  THE  CHIEF  FRAUNHOFER 
LINES  AND  OF  LINES  IN  THE  EMISSION 
SPECTRA  OF  CERTAIN  METALS. 


The  wave  lengths  are  expressed  in  millionths  of  a 
millimetre , i.e.,  '001  fx  (or  fxfx). 


K 

(Double  Line) 

769-9,  766-5 

A 

(Fraunhofer’s  Line) 

762T 

B 

687 

Li 

■ ••••• 

670-8 

C 

(Fraunhofer’s  Line) 

656-3 

Cd 

• ••••• 

643-9 

a 

(Fraunhofer’s  Line) 

627-8 

Li 

(Orange  Yellow) 

610-3 

D 

(Middle)  Fraunhofer’s  Line  . 

589-3 

T1 

(Green)  .... 

535 

E 

(Fraunhofer’s  Line) 

527 

bi 

( ) • 

518-3 

F 

( „ ) • 

486-1 

Cd 

(Blue)  .... 

480 

Cd 

( „ ) 

467-8 

Sr 

( „ ) 

460-7 

d 

(Fraunhofer’s  Line) 

438-3 

G 

( ) • 

CO 

o 

K 

(Violet)  .... 

404-4 

H 

(Fraunhofer’s  Line) 

396-8 
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TABLES  OF  THE  SPECIFIC  GRAVITY  OF  ALKALIES 
AND  ACIDS  AT  150  (LUNGE)  COMPARED  WITH 
DISTILLED  WATER  AT  40. 

(I) 


Specific 

Gravity. 

Percentage 
of  NaOH. 

Specific 

Gravity. 

Percentage 
of  KOH. 

Specific 

Gravitv. 

«/ 

Percentage 
of  NH3. 

1-014 

1-20 

1-014 

1-7 

0-998 

0-45 

1 -022 

2-00 

1-029 

3-5 

0-994 

1-37 

1036 

3-35 

1-015 

5-6 

0-990 

2-31 

1-045 

4-00 

1-060 

7-4 

0-986 

3-30 

1-052 

4-64 

1-075 

9-2 

0-982 

4-30 

1-060 

5-29 

1-091 

10-9 

0-978 

5-30 

1-075 

6-55 

1-100 

12-0 

0-974 

6-30 

1 -091 

8-00 

1-116 

13-8 

0-970 

7-31 

1-100 

8-68 

1-134 

15-7 

0-966 

8-33 

1-116 

10-06 

1-152 

17-6 

0-962 

9-35 

1-134 

11-84 

1-171 

19-5 

0-958 

10-47 

1-152 

13-55 

1-190 

21-4 

0-954 

11-60 

1-171 

15-13 

1-210 

23-3 

0-950 

12-74 

1-190 

16-77 

1-231 

25-1 

0-946 

13-88 

1-210 

18-58 

1-252 

27-0 

0-942 

15-04 

1-231 

20-59 

1-274 

28-9 

0-938 

16-22 

1 -252 

22-64 

1-297 

30-7 

0-934 

17-42 

1-274 

24-81 

1 -320 

32-7 

0-930 

18-64 

1-297 

26-83 

1-345 

34-9 

0-926 

19-87 

1-320 

28-83 

1-370 

36-9 

0-922 

21-12 

1-345 

31-22 

1-397 

38-9 

0-918 

22-39 

1-370 

33-69 

1-424 

40-9 

0-914 

23-68 

1-397 

36-25 

1-453 

43-4 

0-910 

24-99 

1-424 

38-80 

1-483 

45-8 

0-906 

26-31 

1-453 

41-41 

1-514 

48-3 

0-902 

27"65 

1-483 

44-38 

1-546 

50-6 

0-898 

29-01 

1-514 

47-60 

1-580 

53-2 

0894 

30-37 

... 

• • • 

1-615 

55-9 

0-890 

31-75 

• . . 

1-634 

57-5 

0-886 

33-25 

. . . 

• • • 

..  . 

... 

0-882 

34-95 
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.(ii) 


Specific 

Gravity. 

Percentage 
of  HC1. 

Specific 

Gravity. 

Percentage 
of  H2S04. 

Specific 

Gravity. 

Percentage 
of  HN03. 

1-010 

2-14 

1-020 

3*03 

1-020 

3-70 

1-015 

3-12 

1-040 

5-96 

1-030 

5-50 

1-020 

4-13 

1-060 

8-77 

1-040 

7-26 

1-025 

5-15 

1-080 

11-60 

1-050 

8-99 

1-030 

6-15 

1-100 

14-35 

1-060 

10-68 

1-035 

7-15 

1-120 

17-01 

1-070 

12-33 

1-040 

8-16 

1-140 

19-61 

1-080 

13-95 

1-045 

9-16 

1-160 

22-19 

1-090 

15-53 

1-050 

10-17 

1-180 

24-76 

1-100 

17-11 

1-055 

11-18 

1-200 

27-32 

1-110 

18-67 

1-060 

12-19 

1-220 

29-84 

1-120 

20-23 

1-065 

13-19 

1-240 

32-28 

1-130 

21-77 

1-070 

14-17 

1-260 

34-57 

1-140 

23-31 

1-075 

15-16 

1-280 

36-87 

1-150 

24-84 

1-080 

16-15 

1-300 

39-19 

1-160 

26-36 

1-085 

17-13 

1-320 

41  -50 

1-170 

27-88 

1-090 

18-11 

1-340 

43-74 

1-180 

29-38 

1-095 

19-06 

1-360 

45-88 

1-190 

30-88 

1-100 

20-01 

1-380 

48-00 

1-200 

32-36 

1-105 

20-97 

1-400 

50-11 

1-210 

33-82 

1-110 

21-92 

1-420 

52-15 

1-220 

35*28 

1-115 

22-86 

1-440 

54-07 

1-230 

36-78 

1-120 

23-82 

1-460 

55-97 

1-240 

38-29 

1-125 

24-78 

1-480 

57-83 

1-250 

39-82 

1-130 

25-75 

1-500 

59*70 

1-260 

41-34 

1-135 

26-70 

1-520 

61-59 

1-270 

42-87 

1-140 

27-66 

1-540 

63-43 

1-280 

44-41 

1-145 

28-61 

1-560 

65-08 

1-290 

45-95 

1-150 

29-57 

1-580 

66-71 

1-300 

47-49 

1-155 

30-55 

1-600 

68-51 

1-310 

49-07 

1-160 

31-52 

1-620 

70-32 

1-320 

50-71 

1-165 

32-49 

1-640 

71-99 

1-330 

52-37 

1-170 

33-46 

1-660 

73-64 

1-340 

54-07 

1-175 

34-42 

1-680 

75-42 

1-350 

55-79 

1-180 

35-39 

1-700 

77-17 

1-360 

57*57 

1-185 

36-31 

1-720 

78-92 

1-370 

59-39 

1-190 

37*23 

1-740 

80-68 

1-380 

61-27 

1-195 

38-16 

1-760 

82-44 

1-390 

63-23 

1-200 

39-11 

1-780 

84-50 

1-400 

65-30 

1-800 

86-90 

1-410 

67-50 

1-820 

90-05 

1 -420 

69-80 

1-840 

95-60 

1-430 

72-17 

... 

1-8405 

95-95 

1-440 

74-68 

1-8415 

97-70 

1-450 

77-28 

• • • 

1-8405 

98-70 

1-460 

79-98 

1-8400 

99-20 

1-470 

82-90 

... 

1-480 

86-05 

... 

1-490 

89-60 

YI 


SPECIFIC  GRAVITY  AND  PERCENTAGE  BY  WEIGHT 
OF  AQUEOUS  ALCOHOL  AT  15*5°  (FOWNES). 


Specific 

Gravity. 

Per  Cent. 

Specific 

Gravity. 

Per  Cent. 

Specific 

Gravity. 

Per  Cent. 

0-9184 

50 

0-8793 

67 

0-8382 

84 

0-9160 

51 

0-8769 

68 

0-8357 

85 

0-9135 

52 

0-8745 

69 

0-8331 

86 

0-9113 

53 

0-8721 

70 

0-8305 

87 

0-9090 

54 

0-8696 

71 

0-8279 

88 

0-9069 

55 

0-8672 

72 

0-8254 

89 

0-9047 

56 

0-8649 

73 

0-8228 

90 

0-9025 

57 

0-8625 

74 

0-8199 

91 

0-9001 

58 

0-8603 

75 

0-8172 

92 

0-8979 

59 

0-8581 

76 

0-8145 

93 

0-8956 

60 

0-8557 

1 i 

0-8118 

94 

0-8932 

61 

0-8533 

78 

0-8089 

95 

0-8908 

62 

0-8508 

79 

0-8061 

96 

0-8886 

63 

0-8483 

80 

0-8031 

97 

0-8863 

64 

0-8459 

81 

0-8001 

98 

0-8840 

65 

0-8434 

82 

0-7969 

99 

0-8816 

66 

0-8408 

83 

0-7938 

100 
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VII 


SOLUBILITIES  OF  SOME  SALTS  IN  ioo  PARTS  OF 
WATER  AT  DIFFERENT  TEMPERATURES  (/). 


t. 

o 

co 
T*  C1 

Cj  -r 

PhM 

& 

~T 

O 

m 

biD 

k=-( 

-r 

o 

CO 

<M 

o 

-r 

om 

ce  1-1 

£ + 

O 

CO 

a 

Cs! 

o 

cVT 

tsj  + 

O 

c3 

£ 

0 

70  '6 

26-9 

5-02 

12-17 

43-02 

115-2 

35-7 

5 

71'8 

29-3 

6-4 

... 

... 

... 

35-7 

10 

73 

31-5 

9 

... 

48-36 

138-2 

35-8 

15 

74-2 

33-8 

12-49 

35-49 

... 

... 

35-9 

20 

75'4 

36-2 

19-5 

... 

53-13 

161-5 

36 

25 

76'7 

38-5 

28-1 

99-4 

... 

... 

36-1 

30 

78 

40-9 

40-9 

58-4 

190-9 

36-3 

35 

79'5 

43-3 

50-2 

... 

... 

... 

36-4 

40 

SI 

45-6 

48-8 

291-4 

63-52 

224 

36-6 

45 

82'7 

48 

47-7 

... 

36-8 

50 

84'4 

50-3 

46-7 

68-75 

263-8 

37 

55 

86'2 

52-7 

45-9 

... 

... 

37-1 

60 

88 

55 

45-3 

74-2 

313-5 

37-3 

65 

89'9 

57-3 

44-8 

... 

... 

37-5 

70 

91'6 

59-6 

44-4 

79-25 

369-3 

37-9 

75 

93'4 

61-9 

44 

... 

... 

38-2 

80 

95'3 

64-2 

43-7 

84-6 

442-6 

38-4 

85 

97'2 

66-5 

43-3 

... 

... 

38-7 

90 

99'2 

68-9 

43T 

89-78 

533 

39-1 

95 

101'2 

71-4 

42-8 

... 

... 

... 

39-4 

100 

103-3 

73-8 

42-5 

... 

95 

653*6 

39-8 

Maximum  solubility  of  sodium  sulphate  is  at  33°.  At  32’73°,  100  parts  of 
water  dissolve  50 '65  parts  of  anhydrous  sodium  sulphate  and  322-12  parts 
of  Na2S04  + 10  H20. 
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SECTION  IV 


SCHEMES  FOR  DETECTION  OF 
UNKNOWN  SUBSTANCES  OF 
PHYSIOLOGICAL  IMPORTANCE 


I 


I 


EXAMINATION  OF  AN  UNKNOWN  SOLID  OR 
MIXTURE  OF  SOLIDS  OF  PHYSIOLOGICAL 
IMPORTANCE. 

/ 

I.  PHYSICAL  CHARACTERS. 

Note  the  colour,  odour,  and  taste.  Place  a small  quantity  on 
a slide  and  examine  microscopically,  and  note  whether  crystal- 
line or  amorphous.  Note  the  form  (crystalline  or  amorphous), 
arrangement,  etc.,  as,  e.g.,  concentrically  striated  structure  of 
starch  granules,  the  notched  plates  of  cholesterin,  etc.  The 
colour  may  suggest  blood,  bile,  or  urinary  pigments  ; the  odour 
may  suggest  indol,  skatol,  phenol,  dextrin,  etc. ; a bitter  taste 
may  suggest  albumoses,  bile  salts  or  acids,  or  creatinin ; a 
sweet  taste,  a sugar  of  some  kind. 

II.  EFFECT  OF  HEATING. 

Heat  gradually  over  the  open  flame  a small  quantity  of 
the  finely  powdered  dry  substance  in  a hard  glass  test-tube. 

1.  If  it  be  a non-nitrog'enous  organic  substance,  then 
it  will  usually  char,  either  with  or  without  previous  melting, 
and  will  frequently  emit  a more  or  less  characteristic  odour. 
Mono-  and  di  - saccharides  melt  prior  to  charring,  poly- 
saccharides char  without  previous  melting.  The  higher  fatty 
acids  decompose  on  heating  and  emit  the  odour  of  lower  fatty 
acids.  Mix  part  of  the  substance  with  anhydrous  KHS04 
and  heat  = odour  of  acrolein,  if  neutral  fat  or  glyceride  be 
present.  If  free  fatty  acids  be  present,  the  odour  is  of  the 
lower  volatile  fatty  acids.  Phenol  (see  p.  108)  melts  at 
42°  and  boils  at  180°,  emitting  its  characteristic  odour. 
Cholesterin  (see  p.  71)  melts  at  145°. 
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2.  If  a nitrogenous  substance  be  heated,  either  the 
odour  or  other  physical  characters  of  the  products  of 
decomposition  may  be  distinctive.  For  example,  proteids 
char  on  heating  and  yield  the  disagreeable  odour  of  burnt 
horn.  The  behaviour  of  the  following  is  more  or  less 
characteristic — (a)  Urea  (p.  100),  (b)  hippuric  acid  (p.  108), 
(c)  uric  acid  (chars,  yields  some  cyanuric  acid  and  a very 
distinct  odour  of  HCN),  ( d ) tyrosin  (melts  at  290°  to  form 
a yellowish  fluid,  which  rapidly  darkens  to  a brown  tint, 
ammonia  and  other  gases  being  evolved  at  the  same  time), 
(e)  leucin  (p.  60),  (/)  indol  (p.  64),  and  (g)  skatol  (p.  65). 
So  far  as  time  permits,  test  for  the  elements  N,  P,  S (loosely 
and  firmly  combined),  and  I.  The  results  of  this  preliminary 
examination  will  frequently  guide  one  as  to  the  best  method 
for  proceeding  further. 

The  following  method  (Table  I.)  may  be  used  to  give  an 
indication  of  the  class  to  which  the  body  belongs,  and  from 
the  results  of  the  examination  the  worker  may  be  enabled  to 
proceed  to  one  or  other  of  the  succeeding  tables,  according  as 
he  finds  a carbohydrate,  proteid,  or  other  substance  (giving 
neither  carbohydrate  nor  proteid  reactions)  present. 


TABLE  I 


Extract  some  of  the  Finely  Powdered  Substance  with  Water 
at  30°  to  40°.  Filter  and  Test  Filtrate  and  Eesidue. 


residue. 


Test  by  Millon’s  xantho- 
proteic, or  biuret  reac- 
tions for  proteid. 


EXTRACT. 


FILTRATE 


Render  alkaline  with  NaOII ; add  drop  by  drop  dilute  CuS04 


Clear  blue  solution. 


Heat. 


Bluish-violet 

(Gelatin), 


_ Violet  . Pink 

(Native  Proteid).  (Proteoses  or 

Peptone). 


Pp.  of  CuOH  or  Cu20  No  Reduction',  probably = 

(Reducing  Carbohydrate).  Glycerine  or  Cane  Sugar. 


Note. — If  proteid  is  suspected,  either  in  residue  or  filtrate,  proceed  to  Table  II.;  if  carbohydrate, 
proceed  to  Table  III.  ; if  neither  proteid  nor  carbohydrate,  proceed  to  Table  IY. 
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TABLE  II.— 


Take  Keaction  of  Solution.  If  Acid  ok  Alkaline,  nearly 

THE  LATTER.  If  A Pp. 


PRECIPITATE.* 1 2 3 


If  O.S.  acid,  pp.  = ACID  If  O.S.  alkaline,  pp.  = 

ALBUMIN  (1). 

(Prove  proteid  nature  of  pp. 
by  colour  tests.) 

(Test  O.S.  ( see  pp.  44-47)  for 
the  nature  of  the  acid 
present.) 

ALKALI-ALBUMIN  (2). 

(Readily  soluble  in  excess 
of  acid.) 

(Test  pp.  for  proteid.). 


MUCIN  (3). 
(Soluble  with 
difficulty  in  ex- 
cess of  acid). 


NUCLEO-ALBUMIN  (4) 
or  NUCLEO-PRO- 
TEID  (5).  (Moderately . 
soluble  in  excess  of  acid.) 


1 Prepare  aqueous,  saline,  and  alkaline  extracts  (1— '2  per  cent.  Na„CO.t)  of  the  powder  ( see  pp.  92,  93).  The 
out  for  examination. 

2 Prove  that  this  pp.  is  proteid  in  nature  by  colour  tests  (an  alkaline  solution  of  sodium  urate  yields  a pp.  of 
filtrate  from  each  proteid  pp.  by  the  chief  colour  reactions,  to  see  if  it'be  proteid-free  or  not.  If  pigment  present, 

3 Care  must  be  taken  to  test  for  polysaccharides,  the  precipitates  obtained  on  saturation  with  salts. 

Notf,.— O.S.  = Original  Solution,  pp.  = Precipitate. 
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PROTEIDS.1 

Neutralise  in  the  former  Case,  or  render  faintly  Acid  in 


form,  Filter  it  off. 


FILTRATE. 


Heat  the  filtrate  gradually,  noting  the  temperature  at  which  pp.,  if  any,  first  forms.  Filter  if  coagulum 


Coagulum. 


ALBUMIN  (6), 
or 

GLOBULIN  (7),  or  both. 


Filter.  Test  filtrate  with  biuret ; if  no  reaction,  then  sepa- 
rate (6)  and  (7)  from  O.S.  as  follows 

Half  saturate  O.S.  with  (NH4)2(SO)4. 


Filtrate. 


Half  saturate3  with  (NH4)2S04 


PP.  = P R I M- 
ARYALBU- 
MOSE  (8.) 


Filtrate. 


Saturate  with  (NH4)2S04. 


Pp.- GLOBULIN  (Dis- 
solve pp.  in  dilute  neutral 
salt  solution  and  find  out 
temperature  of  coagula- 
tion.) 


Filtrate. 


Saturate  with  (NH4)2S04. 


Pp. -ALBUMIN.  (Dis- 
solve in  water  and  use 
tests  on  p.  31  to  distinguish 
between  SERUM  and 
EGG  ALBUMIN. 


Pp.- SECONDARY  AL-  Filtrate. 
BUMOSE  (9),  or  GELA- 
TIN (10.) 

Test  by  xantho- 
proteic and 

Dissolve  pp.  in  H20  and  biuret  for 
saturate  the  neutral  solu-  PEPTONE 
tion  with  MgS04.  (11.) 


Pp.  - GELA-  Filtrate- SECONDARY 
TIN.  (For  ALBUMOSE.  (For  tests, 
tests  see  pp.  see  pp.  33,  51,  52.) 

34,  35.) 


above  scheme  may  be  employed  for  testing  these  extracts  and  also  in  cases  where  solutions  of  proteids  are  given 


acid  urate  or  uric  acid  on  acidification).  Test  in  same  way  all  precipitates  obtained  by  adding  salts.  Test  also  the 
examine  with  spectroscope. 
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TABLE  III. 


Bender  the  Solution  Neutral  or  Faintly  Acid.  Note  an) 

Add  a few  Drops  of  a Solution  oi 


Blue  colour  = Reddish-brown  or 

STARCH.  violet  colour. 


ERYTHRODEXTRIN  or  GLYCOGEN. 

(O.S.  transparent.) 

Add  basic  lead  acetate. 


Pp.= 

GLYCOGEN. 


No  pp.  = 

ERYTHRODEXTRIN. 


1 Before  proceeding  to  test  the  aqueous  extract  of  the  solid,  it  must  be  rendered  proteid-fre< 


1!)2 


CARBOHYDRATES.1 


Distinctive  Physical  Characters,  such  as  Opalescence, 
[odine  in  Potassium  Iodide. 


No  colour  reaction.  Do  Trommei-’s  test  = clear  blue  Solution,  probably  a CARBOHYDRATE 

or  GLYCERINE. 

Heat. 


Reduction. 


No  reduction  ; boil  with  dilute  HC1,  make  alkaline 
and  test  by  Trommer ; boil. 


GLUCOSE.  LACTOSE.  MALTOSE. 

Add  Barfoed’s  reagent  to  O.S.,  and  heat. 


Reduction  = CANE 
SUGAR.  (Other 
tests,  see  p.  15.) 


No  reduction  (possibly  gly- 
cerine). Evaporate  off 
water  and  do  acrolein  test. 


If  positive  = GLYCER- 
INE. 


Reduction  = No  reduction  = LACTOSE  or 
GLUCOSE.  MALTOSE.  Distinguish  by 


osazones,  formation  of  mucic  acid 
(lactose),  or  fermentation  (maltose), 
( see  jip.  12,  13,  14.) 


in  the  usual  way  (boiling,  slight  acidification,  and  filtration). 
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TABLE  IV.— SUBSTANCES  OTHER  THAN 


In  the  First  Place,  heat  Substance  in  Dry  Test-Ttjbe, 

' Extract  the  Finely-Powdered 


SOLUBLE  (pa 

.rtly  or  entirely). 

sA.  PHE1 

^lOL.  TYRC 

)SIN.  CREA' 

'ININ.  BILE  < 

SALTS.  URA 

.TES. 

(Tests  9,  10,  11  and  12, 
p.  102  ; oi'  evaporate 
down  to  one-fifth  of 
its  original  volume, 
and  applv  tests  3 and 
4,  p.  100.) 


(Test  with  ferric 
chloride  (bluish  vio- 
let colour.) 

Confirmatory  tests,  3, 
4,  pp.  109,'  110. 


(Tests  3,  4, 
5,  pp.  59, 
60). 


(Tests  1,  2,  p. 
106.) 


(Test  1,  p.  70.) 


(Test  5 a, 
5b,  6.  7, 
p.  105.) 


1 A solution  containing  substances  of  physiological  importance  other  than  proteid  or  carbohydrate  may  contain 
drops  of  sod.  nitro-prusside  ; then  render  alkaline  with  NaOH=deep  red  colour,  darkening  to  a violet  on  acidificatioi 
examine  with  the  spectroscope  for  blood,  urinary  pigments,  and  lutein  (ethereal  solution  shows  distinct  band  a 
green,  and  is  then  decolorised) ; or  for  bile  pigments  (Gmelin’s  test). 
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PROTEID  OR  CARBOHYDRATE.1 


and  note  Changes  {see  Introductory  Remarks  to  Tables). 
Solid  with  Hot-Water.  Filter. 


If  largely  INSOLUBLE. 


HIPPURATES.  INDOL 

(Tests  1,  2,  3,  and 

and  4,  p.  108.)  SKATOL. 

(Tests  2, 
3,  pp.  64, 
65.) 


Extract  residue  with  5 per 
cent.  NaOH  (hot). 

Cool  and  filter. 

Test  for  urates,  hippu- 
rates,  soaps,  glycocho- 
late,  alkali-albumin  (if 
originally  coagulated 
proteid). 


Or  extract  with  ether  or 
alcohol,  if  insoluble  in 
the  other  solvents. 

Evaporate  off  ether  or 
alcohol  on  water  bath, 
and  test  residue  for 


NEUTRAL  FATS. 

(Tests  a,  b,  c,  p.  20, 
and  j,  pp.  21,  22.) 


CHOLESTERIN. 

(Tests  1-6,  pp.  71, 
72.) 


in  addition  to  the  above-mentioned  ones (1)  Aceto-acetic  acid  (Tests  1,  2,  3,  p.  117).  (2)  Acetone  (add  a few 
with  acetic  acid  ; cf.  Creatinin,  Test  1,  p.  106).  (3)  Indican  (pp.  106  and  107).  If  the  solution  be  pigmented, 
junction  of  green  and  blue,  and  a very  faint  band  in  blue.  On  addition  of  HNO.  the  solution  becomes  temporarily 
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TABLE  V.— DETECTION  OF  FERMENTS 

Extract  the  Powder  with  Normal  Saline  Solution,  containing 
in  that  Form)  for  the  following  Experiments.  Test 


STARCH  in  neutral  or  faintly 
acid  solution.  Test  for  dex- 
trins  and  maltose.  If  posi- 
tive = diastatic  ferment 
(saliva  or  pancreatic  juice). 


FIBRIN  (washed)  in  .2  per 
cent.  HC1.  Solution  = prob- 
ably pepsin  ( see  p.  48). 


FIBRIN  in  1 per  cent.  Na2CO-. 
Solution  = probably  trypsin  or 
similar  ferment  (see  p.  5(5). 
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L\  A POWDER  OR  SOLUTION. 

rOLUOL,  AND  USE  THIS  EXTRACT,  OR  THE  ORIGINAL  SOLUTION  (iF  GIVEN 

Effect  of  the  Solution  on  the  Following  (at  35-40°). 


MILK  IN  NEUTRAL 
SOLUTION.  Clotting 
= probably  rennin  (gastric 
juice),  or  similar  ferment 
(pancreatic  juice)  ( see  pp.  49, 
50,  62). 


(ft)  CANE  SUGAR. 

(5)  MALTOSE. 

(c)  LACTOSE  IN  NEU- 
TRAL SOLUTION. 

Test  to  see  whether  (ft)  is  trans- 
formed into  a lsevo-rotatory 
mixture  of  reducing  sugars. 
Ifso  = invertin.  If  (b)  be  trans- 
formed into  glucose  = mal- 
tase.  If  (c)  be  transformed 
into  glucose  and  galactose  = 
lactase.  If  fermentation 
of  (ft)  and  (0)  (in  Einhorn’s 
tube) = yeast. 


FIBRINOGEN  IN  A 
SOLUTION  FREE 
FROM  OXALATES 
Clotting  = fibrin  ferment 

( see  p.  75). 
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SOME  CRYSTALS  OF  PHYSIOLOGICAL  IMPORTANCE. 


Fig.  1. — Monacid  Calcium  Phosphate — CaHP04.  “Stellar  Phosphates.” 

Fig.  2. — (a)  Ammonium  Magnesium  Phosphate,  or  Triple  Phosphate. — 
Typical  “Knife-rest”  or  “'Coffin-lid”  crystals. 

Other.  Forms  of  the  Triple  Phosphate. — 

(a)  Imperfectly  formed  “Knife-rests.” 

([3)  “Feathery  Phosphates.” 

(6)  Acid  Ammonium  Urate.  — “Hedgehog”  crystals.  Spherules 
with  or  without  Spines  (high  power). 

Fig.  3. — Oxalate  of  Lime. — 

(a)  “Envelope-shaped.” 

(ft)  “Dumb-bells.” 

Fig.  4. — Uric  Acid. — Some  common  forms — 

(a)  “Whetstone,”  “Dagger,”  and  “Rosettes.” 

(ft)  “Barrels.” 

(c)  “ Lozenge,”  “ Cube,”  etc. 

Fig.  5. — Hippuric  Acid. 

Fig.  6. — (a)  Urea. 

(ft)  Nitrate  of  Urea. 

(c)  Oxalate  of  Urea. 

Fig.  7. — (a)  Leucin  (impure). 

(ft)  Tyrosin. 

Fig.  8.— Cystin. 

Fig.  9. — Cholesterin. 

Fig.  10. — (a)  Phenylglucosazone  (low  power). 

(ft)  Phenylmaltosazone  (high  power). 

(c)  Piienyllactosazone  (high  power). 
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The  numbers  in  heavy  type  refer  to  the  Quantitative 

Section. 


A. 

Aceto-acetic  acid,  117. 

Acetone,  117. 

Achroodextrin,  42. 

Acid  albumin,  31. 

,,  ammonium  urate,  121. 

,,  hsematin,  83. 

,,  lisematoporphyrin,  86. 

,,  hsemoglobin,  83. 

Acidimetry,  127. 

Acids  (gastric  juice),  44,  169. 
Albuminoids,  34. 

Albumins,  23,  30,  91,  111,  156. 
Albumoses,  33. 

,,  primary,  52. 

,,  secondary,  57. 

Alkali  albumin,  32. 

Alkaline  hsematin,  84. 

,,  lisematoporphyrin,  87. 
Ammonia,  99,  137. 

Ammonium  magnesium  phosphate. 
120. 

Amylolytic  ferment,  61. 

B. 

Bacterial  digestion,  63. 

Bile,  67,  114. 

,,  pigments,  68,  114. 

,,  salts,  68,  114. 

Blood,  74. 

,,  coagulation,  75. 

,,  defibrinated,  76. 

,,  iron  in,  89. 

,,  oxygen  capacity,  162. 

,,  oxyhsemoglobin,  estimation  of. 
162. 

,,  pigments,  77-89. 

,,  plasma,  74. 

,,  specific  gravity,  160. 


I Blood  stains,  88. 

,,  presence  in  urine,  113. 

Bread,  40. 

C. 

Calcium,  99. 

,,  carbonate,  120. 

,,  hydrogen  phosphate,  120. 
,,  oxalate,  119. 

Cane  sugar,  14. 

Carbon,  1. 

Carbonic  oxide  hsemoglobin,  80. 
Caseinogen,  91. 

Chlorides,  96,  129. 

Cholesterin,  38,  71,  72. 

Cholin,  38. 

Creatinin,  106. 

Cresol,  65. 

Crystals — 

Hsemin,  87. 

Oxyhsemoglobin,  77. 

Proteid,  29. 

Urinary,  119. 

Cystin,  120. 

D. 

Deutero-albnmose,  57. 

Dextrins,  16. 

Disaccharides,  12. 

E. 

Egg  albumin,  23. 

Eggs,  36. 

Erythro-dextrin,  42. 

F. 

Fats,  20,  167. 

Fat-splitting  ferment  61. 
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INDEX 


Ferments — 

Gastric,  47. 

Pancreatic,  55. 

Flour,  39. 

G. 

Gall-stones,  72. 

Gastric  contents,  44. 

„ juice,  44. 

,,  ,,  estimation  of  acidity, 

169. 

,,  ,,  estimation  of  HC1,  169. 

Gelatin,  34. 

Globulin,  23,  30,  112,  156. 

Glucose,  5. 

,,  tests,  5-11. 

,,  in  urine,  11  5,  150. 

Gluten,  40. 

Glycero -phosphoric  acid,  38. 

Glycogen,  17,  67. 

Glycuronic  acid,  18. 

,,  ,,  in  urine,  117. 

H. 

Hcematoidin,  119. 

Htematoporphyrin,  86,  110. 

,,  acid,  86. 

,,  alkaline,  87. 

Hsemin,  87. 

Haemochromogen,  85. 

Haemoglobin,  80. 

Hippuric  acid,  107. 

Hydrochloric  acid  (gastric  juice),  44, 

169. 

Hydrogen,  1. 

I. 

Indican,  106. 

Indol,  64. 

Iodine,  3. 

Iron,  89,  99. 

K. 

Keratin,  35. 

L. 

Lactalbumin,  91,  166. 

Lactic  acid,  44,  46. 

Lactoglobulin,  91,  166. 

Lactose,  13,  117,  167. 

Lecithin,  38. 

Leucin,  60. 

Levulose,  11. 

Liver,  67. 

Lutein,  38,  Table  iv. 


Magnesium,  99. 

Maltose,  12. 

Methaemoglobin,  81. 

Milk — General  tests,  90,  165. 
Milk,  caseinogen,  91,  165. 

,,  fats,  90,  91,  167. 

,,  lactalbumin,  91,  166. 

,,  lactoglobulin,  91,  166. 

,,  lactose,  91,  167. 

,,  total  nitrogen,  165. 
Milk-curdling  ferment,  62. 
Monosaccharides,  5. 

Mucin,  41,  68,  113. 

Muscle,  93. 

Myosin,  94. 

Myosinogen,  93. 

N. 

Nitrogen,  2,  139. 

Nucleo-albumin,  113. 

O. 

Organs,  general  examination,  92. 
Ovalbumin,  23. 

,,  crystals,  29. 

Oxygen  capacity  (blood),  160. 

Oxy haemoglobin,  77. 

,,  crystals,  77,  78. 

,,  spectrum,  79,  80. 


Pancreatic  digestion,  55  et  seq. 
Pentoses,  11. 

Pepsin,  47. 

Peptic  products,  51. 

Peptones,  33. 

Phenol,  65. 

Phosphates,  96,  133. 

Phosphorus,  3. 

Polysaccharides,  16. 

Potassium,  98. 

Proteids,  23  et  seq.  (see  also  Urine). 
,,  colloidal  character,  30. 

,,  colour  reactions,  24. 

,,  crystals,  29. 

,,  precipitants,  25. 

Ptyalin,  42. 

R. 

Reunin,  49. 

S. 

Saliva,  41. 

“Salting  out”  polysaccharides,  IS. 
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Serum  albumin,  30. 

Skatol,  64. 

Sodium,  98. 

Spectroscope,  78. 

Starch,  16. 

Steapsin,  61. 

Sulphates,  97,  135. 

Sulpliocyanates,  41. 

Sulphur,  2. 

T. 

Trypsin,  56. 

Tryptic  products,  57. 

Tryptophan,  58. 

Tyrosin,  59,  120. 

U. 

Urine,  95  ct  seq. 

,,  normal,  95  et  seq. 

,,  ,,  ammonia,  137- 

,,  ,,  calcium,  99. 

,,  ,,  chlorides,  96,  129. 

,,  ,,  colour,  95. 

,,  ,,  creatinin,  106. 

,,  ,,  hippuric  acid,  107. 

,,  ,,  indican,  106. 

,,  ,,  iron,  99. 

,,  ,,  magnesium,  99. 

,,  ,,  organic  constituents, 

99. 

,,  ,,  phenol,  108. 

,,  ,,  phosphates,  96,  133. 


Urine,  normal,  pigments,  109. 

,,  ,,  potassium,  98. 

,,  ,,  reaction,  95. 

,,  ,,  sodium,  98. 

,,  ,,  specific  gravity,  95, 

125. 

,,  ,,  urea,  99,  142. 

,,  ,,  uric  acid,  102,  145. 

,,  ,,  volume,  96,  125. 

,,  pathological,  111. 

,,  ,,  aceto-acetic  acid, 

117. 

,,  ,,  acetone,  118. 

,,  ,,  albumin,  111,  156. 

,,  ,,  albumose,  112, 

159- 

,,  ,,  bde,  114. 

,,  ,,  blood,  113. 

,,  ,,  globulin,  112,  156. 

,,  ,,  glucose,  115,  150. 

,,  ,,  glycuronic  acid, 

117. 

,,  ,,  lactose,  117. 

,,  ,,  mucin,  113. 

,,  ,,  nucleo  - albumin, 

113. 

,,  ,,  peptone,  112. 

,,  ,,  uroery  thrin,  114. 

Urinary  sediments,  118-121. 


y 

Vitellin,  37. 
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